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1. INTRODUCTION 
 
Granitoids are defined as plutonic rocks containing 20–60% quartz (relative to feldspars) 
and either one or two feldspars ± mafic minerals, e.g. biotite, hornblende, or pyroxene as 
major mineral constituents. Precise name of a granitoid can be determined using the QAP 
diagram (Fig. 1) that emphasizes the relative proportion of quartz, alkali feldspar and 
plagioclase (Streckeisen 1976). A special nomenclature has been established for 
orthopyroxene-bearing (opx-bearing) granitoids, which are called charnockites (Le 
Maitre 1989, Kilpatric and Ellis 1992, Fig. 1).  Granitoid suites often include cogenetic 
feldspathic rocks with 5–20% quartz, e.g. syenites and monzonites (e.g. Eby 1992, 
Barbarin 1999, Bonin 2007, Frost and Frost 2011). 
 
 
Figure 1. The QAP diagram is used to name rocks according to relative proportions of quartz (Q), alkali 
feldspar (A), and plagioclase (P). Special nomenclature has been established for certain orthopyroxene-
bearing rocks. After Streckeisen (1977) and Le Maitre (1989). 
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Granitoids are found on all the continents of the Earth (e.g. Patiño Douce 1997). As 
plutonic rocks, granitoids are formed intracrustally, but crustal uplift and erosional 
processes make it possible to study these rocks after emplacement. The study of granitoids 
contributes to the knowledge of the composition and evolution of the Earth’s crust as well 
as understanding magmatic differentiation and recycling processes in different 
geodynamical and tectonic environments (e.g. Martin et al. 2005, Bonin 2007, Vigneresse 
2007).  
 
Methods used in study of granitoids include field observations, macroscopic and 
microscopic examination of minerals and texture, as well as geochemical and isotopic 
analyses. To properly study a granitoid, it is critical to have knowledge on its appearance 
in the field, e.g. intrusion-scale compositional variety and exposure to deformation, as 
these are necessary factors to take into account in sampling and in interpretation of the 
results. Well established field relations to other rocks and regional geology are important 
in defining the tectonic setting in which granitoid was formed, but also to evaluate 
possible interaction, e.g. mixing, mingling and assimilation, between granitoid and other 
magmas and its host rocks (e.g. DePaolo 1981, Fernandez and Barbarin 1991). 
Mineralogical composition, crystallization sequence, degree of deformation as well as 
alteration processes and their impact on the geochemistry of granitoid rocks can be further 
evaluated using microscopic examination of thin sections (e.g. Vernon 2004). Whole-
rock geochemistry of major and trace elements can be used to estimate magmatic 
processes and to trace initial source(s) as well as in proposition of tectonic setting in 
which granitoid was formed (e.g. Rollinson 1993). Additional information on granitoid 
source(s) and its absolute age can be obtained by isotopic analyses (e.g. Rollinson 1993). 
 
Four granitoid intrusions in southern central Finland are studied in this Master’s thesis. 
The results of this study contribute to the Ore potential evaluation project of Geological 
Survey of Finland of which objective is to improve geological knowledge of the study 
are to provide an evaluation of its ore potential (Mikkola et al. 2016). Extensive field 
work was carried out in the area during the project in 2012–2016 (Mikkola et al. 2016). 
Field observations, as well as petrographical, mineral chemical, and whole-rock 
geochemical data are used to provide comprehensive descriptions of the four studied 
intrusions. A U-Pb age determination of one of the intrusions contributes to the 
knowledge of the temporal evolution of the study area. To determine the geological 
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context of the studied intrusions, the results are interpreted with geochemical 
classification schemes and compared with petrographical, mineral chemical and whole-
rock geochemical data of other well studied granitoid intrusions of central Finland (e.g. 
Front and Nurmi 1987, Elliott et al. 1998, Nironen et al. 2000, Rämö et al. 2001, Elliott 
2003).  
 
2. GRANITOID PETROGENESIS 
 
2.1 General concepts 
 
The bulk of the Earth’s upper continental crust is compositionally granitic (Wedepohl 
1991, Frost et al. 2001), whereas granitoids are rare in the oceanic crust (e.g. Coleman 
and Peterman 1975, Bonin et al. 2002). Remelting of older rocks, has been proposed to 
produce source material of continental granitoids, but as the rare oceanic setting granitods 
show, they can also be formed by fractionation from mantle-derived material (e.g. 
Chappell and White 1974, Lameyre and Barbarin 1991, Rämö and Haapala 1995, Frost 
and Frost 1997, Barbarin 1999). The initial composition of granitoid melt is controlled 
by the composition of the source, degree of partial melting, prevailing temperature and 
pressure, as well as possible interaction with other melts or magmas (e.g. Chappell and 
White 1974, Loiselle and Wones 1979, Frost and Frost 1997, Barbarin 1999, Bonin 
2007). After sufficient amount of melt is formed, it starts to ascent either as diapirs or 
dykes through zones of weakness, e.g. fractures (e.g. Clemens 1998). The final level of 
emplacement, i.e. the lowest pressure during generation of a granitoid intrusion, depends 
on many factors such as viscosity and temperature of the magma and its surroundings, 
horizon of neutral buoyancy, and existing of sufficient flow channels (Ryan 1994). In 
order to form an intrusion, sufficient room must be created by e.g. stoping or ballooning 
caused by granitoid magma or commonly successive pulses of magma (Marsh 1982). 
During the emplacement, fragments of country rock may be physically introduced into 
granitoid magma as xenoliths, or granitoid magma can cause partial melting of country 
rocks, that eventually can be observed as geochemical assimilation (e.g. DePaolo 1981). 
Finally, as granitoid magma crystallizes, some minerals may fractionate from the residual 
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melt, leading to gradual changes in geochemical composition through an intrusion (e.g. 
O’Hara 1977). 
 
Granitoids are often associated with coeval, sometimes cogenetic, mafic rocks that are 
present as adjacent mafic intrusions, mafic microgranular enclaves (MME) and 
synplutonic dykes (e.g. Didier and Barbarin 1991, Barbarin 2005, Fig. 2). Mafic 
magmatism often plays part on granitoid petrogenesis as the mafic magma may act as 
necessary heat source for crustal melting or it may be parental magma of the associated 
granitoid (e.g. Bridgwater et al. 1974, Emslie 1978, Eby 1990, Rämö and Haapala 1995, 
Frost and Frost 1997). Granitoid magma may also be thoroughly mixed with coeval mafic 
magma and lead to forming of a granitoid with hybrid composition (e.g. Anderson 1976, 
Reid 1983, Salonsaari 1995, Barbarin 2005). Less thorough interaction between granitoid 
magma and mafic magma include mingling and chemical exchange (e.g. Barbarin and 
Didier 1991, Fernandez and Barbarin 1991, Fig. 2). The extent of possible interaction is 
strongly controlled by viscosity and crystallinity of host granitoid (e.g. Furman and Spera 
1985, Fernandez and Barbarin 1991). At low level of crystallinity, mafic and felsic 
magmas may be able to mix thoroughly to form a hybrid magma. When the felsic magma 
crystallizes further, mingling becomes the major interaction process and MME are 
formed. Synplutonic mafic dykes are formed when mafic magma is injected into early 
fractures of almost completely solidified granitoid (Fernandez and Barbarin 1991).  
 
 
Figure 2. A schematic picture showing the effect that crystallinity of felsic magma (white) has on the behavior 
of intruding mafic magma (black). At low level of crystallinity, the mafic and felsic magmas mix thoroughly, 
leading to homogeneous hybrid rock. When crystallinity level increases, the magmas mingle and 
microgranular mafic enclaves (MME) are formed. Further increase of crystallinity prohibits efficient 
transportation of mafic magma and synplutonic dykes are formed. After Fernandez and Barbarin (1991). 
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2.2 Classification of granitoids 
 
Petrogenetic and tectonic classifications of granitoids utilize differences in certain 
mineralogical and geochemical features that are strongly influenced by petrogenetic 
conditions and tectonic settings. It has been proposed that one of the most critical factors 
on the composition of a granitoid is the source (e.g. Chappell and White 1974, Loiselle 
and Wones 1979, White 1979, Frost et al. 2001). As already noted in the previous chapter, 
granitoids can be formed by remelting of older rocks of crustal origin (Fig. 3), hence 
mineralogical and geochemical differences of granitoids can be explained by 
compositionally different source rocks. At active continental margins, partial melting of 
either sedimentary or igneous rocks generates in principle two types of granitoids (Fig.3), 
which can be distinguished from each other by their different affinities to alkali 
components, K2O and Na2O (Chappell and White 1974). The granitoids with sedimentary 
origin are referred as S-type granitoids, and mineralogically they are characterized by Al-
rich biotite, cordierite, muscovite, garnet, ilmenite, monazite, xenotime and ubiquitous 
apatite that often form relatively large crystals (Chappell and White 1974, Clemens et al. 
2011, Chappell et al. 2012). The S-type granitoids are restricted to high SiO2 contents, 
they are typically strongly peraluminous (molar Al2O3/(Na2O+K2O+CaO) > 1), and they 
have relatively enriched K2O, Rb and Pb contents (Chappell and White 1974, Chappell 
and White 2001, Stevens et al. 2007, Chappell et al. 2012). Due to the sedimentary source, 
metasedimentary enclaves can be often observed in S-type granitoids (White et al. 1999). 
 
I-type granitoids form by partial melting of igneous source rocks (Fig. 3) and can be 
distinguished from the S-type granitoids by their mineralogical and geochemical 
composition (Chappell and White 1974). The relatively Na2O enriched I-type granitoids 
form wider spectrum in SiO2 contents and range from mafic metaluminous (molar 
Al2O3/(Na2O+K2O+CaO) < 1, molar Al2O3/(Na2O+K2O) > 1), granitoids to felsic mildly 
peraluminous granitoids (Chappell et al. 2012). Characteristic mineral assemblage of an 
I-type granitoid includes hornblende, biotite, apatite, ilmenite or titanomagnetite, titanite 
and allanite (e.g. Chappell and White 1974, Clemens et al. 2011). In contrast to S-type 
granitoids, apatite is typically present as inclusions in hornblende and biotite (Chappell 
and White 1974). Microgranular hornblende-bearing enclaves are typical in I-type 
granitoids, whereas supracrustal enclaves are rare and usually absent (Chappell and White 
1974, White et al. 1999). 
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Figure 3. A schematic cross-section representing how tectonic setting and source rocks are related to 
formation of different types of granitoids. White crust is composed of igneous rocks and striped crust is 
composed metasedimentary rocks. In subduction setting water is released from the subducting oceanic 
crust. Water lowers the melting temperature of the overlying asthenospheric and lithospheric mantle causing 
partial melting. The mantle-derived magma ascents and starts to partially melt the overlying crust. S-type 
granitoids are formed when partially melting crust has sedimentary origin, whereas partial melts from crust 
with igneous origin produce I-type granitoids. At continental rift setting decompression causes partial melting 
of the mantle. The mantle-derived magma causes partial melting of the overlying crust. A-type granitoids are 
typical in rift settings. The figure is not in scale. After Chappell and White (1974), Loiselle and Wones (1979). 
 
 
S- and I-type granitoids are commonly formed at active continental margins, but a third 
major granitoid group can be found typically from anorogenic or rift related tectonic 
settings (e.g. Loiselle and Wones 1979, Fig. 3). According to alphabetic classification, 
these rocks are called A-type (anorogenic) granitoids (Loiselle and Wones 1979). 
Characteristic A-type geochemical features include high Fe/(Fe+Mg), K2O/Na2O, and 
Ga/Al ratios, as well as high concentration of total alkalis, large ion litophile elements 
(LILE), high field strength elements (HFSE) and trivalent rare earth elements (REE) (e.g. 
Loiselle and Wones 1979, Collins et al. 1982, Pearce et al. 1984, Whalen et al. 1987). 
They are depleted in Al2O3 MgO, CaO, and trace elements that are compatible in mafic 
silicates (Sc, Cr, Co, Ni) or in feldspars (Ba, Sr, and Eu) (Loiselle and Wones 1979). 
Aluminum saturation ranges from peralkaline (molar Al2O3/(Na2O+K2O) < 1) to 
metalumious to mildly peraluminous varieties (e.g. Collins et al. 1982, Eby 1990, Frost 
and Frost 2011). Mineral assemblage is characterized by Fe-rich mafic silicates that 
crystallize as late phases, and accessory fluorite (e.g. Collins et al. 1982, Eby 1990).  
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It was originally suggested that A-type granitoids are formed in anorogenic or rift related 
settings by partial melting of granulitic residue of a previous partial melting event (e.g. 
Loiselle and Wones 1979, Eby 1990). However, since the original definition A-type 
granitoids was proposed, geochemically similar granitoids have also been found in 
oceanic islands, continental rift environments, areas with thinned crust, intracontinental 
settings, and postorogenic arc-arc and arc-continent settings (e.g. Eby 1990, Creaser et 
al. 1991, Bonin 2007, Frost and Frost 2011). The diverse tectonic regime has introduced 
other possible petrogenetic processes including low pressure dehydration melting of 
biotite- or amphibole-bearing quartzofeldspathic rocks (e.g. Rämö and Haapala 1995, 
Patiño Douce 1997) and differentiation from mafic tholeiitic magma (e.g. Eby 1990, Frost 
and Frost 1997, Barbarin 1990). Another classification scheme, based on the Fe-index 
[(FeO + 0.9 ´ Fe2O3)/(FeO + 0.9 ´ Fe2O3 + MgO)], Modified Alkali-Lime Index (MALI; 
Na2O + K2O – CaO), and Aluminum Saturation Index [ASI; Al/(Ca – 1.67 ´ P + Na + 
K)] is proposed to be an effective tool in discriminating between the different sources of 
A-type granitoids (Frost and Frost 1997, Frost et al. 2001, Frost and Frost 2011). 
 
As such the alphabetic classification is not completely applicable as genetic classification 
for granitoids. Especially A-type, but also S- and I-type, geochemical affinities are not 
exclusively characteristic to specific sources and can be affected by other processes, e.g. 
degree of partial melting, mixing, fractional crystallization, and assimilation that should 
be taken into account before making definitive conclusions about the source (e.g. Creaser 
et al. 1991, Frost et al. 2001, Bonin 2007, Kurhila et al. 2010, Clemens and Stevens 2012). 
It is also evident that many granitoid suites contain certain amount of compositional 
overlapping between the different alphabetic types (e.g. Chappell and White 1974, 
Whalen et al. 1987, Eby 1990, Frost et al. 2001, Clemens and Stevens 2012). Despite the 
apparent insufficiency of alphabetic classification alone as source indicator, it is still a 
comprehensive and convenient tool in geochemical characterization and comparison 
between granitoid suites. Additionally, as each defined alphabetic type represent ideal 
composition of granitoid magma of given source, the classification can be used to identify 
other magmatic processes that may shift the composition of granitoid away from the ideal 
end-member composition. 
 
Besides the genetic alphabetic classification, geochemistry can be used for other 
classification purposes as well. For example, tectonic setting classification of granitoids 
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utilizes certain trace elements: Rb, Nb, Y, and Ta (Pearce et al. 1984). These elements 
can be used to distinguish ocean ridge granites (ORG), volcanic arc granites (VAG), 
within plate granites (WPG) and (syn-) collision granites [(syn-) COLG]. However, post-
collisional granitoids may plot either in VAG, WPG, or syn-COLG fields, as their Rb, 
Nb, Y, and Ta contents are strongly affected by the thickness and composition of the 
overlying lithosphere as well as the extent of mantle interaction (Pearce et al. 1984, Harris 
et al. 1986, Frost et al. 2001). Additionally, this tectonic classification is based on 
Phanerozoic granitoids, which may be fundamentally different from Precambrian 
granitoids due to overall geodynamic evolution of the Earth, e.g. Precambrian mantle was 
hotter and less fractioned, which probably caused higher degrees of melting (e.g. Pearce 
et al. 1984, Martin et al. 2005). 
 
3. GEOLOGICAL SETTING 
 
3.1 Svecofennian orogeny 
 
Most of the continental crust of central Finland was formed during the Svecofennian 
orogeny when Paleoproterozoic crustal material accreted to the Archean Karelia Province 
(e.g. Lahtinen 1994, Nironen 1997, Fig. 4). The following model of the Svecofennian 
orogeny in Finland is mainly based on Nironen (1997).  The initial accretion started at 
1.91 Ga when an 1.93–1.92 Ga island arc complex amalgamated to the southeastern edge 
of the Karelia Province (Lahtinen 1994, Nironen 1997, Fig. 4a). An arc complex, 
consisting of previously accreted arc material, subsequently collided to the first island arc 
causing the peak of the metamorphism at 1.89–1.88 Ga (Nironen 1997, Fig. 4b). This arc 
complex was formed prior to 2.0 Ga, and is sometimes referred to as Keitele or Central 
Finland microcontinent (e.g. Lahtinen et al. 2005, Korja et al. 2006, Kukkonen et al. 
2008). Significant crustal thickening and voluminous granitoid magmatism that lead to 
the formation of the Central Finland Granitoid Complex (CFGC, Fig. 5) was initiated by 
the second collisional event (e.g. Korja et al. 1993, Lahtinen 1994, Nironen 1997, 
Kukkonen et al. 2008, Fig. 4b). As the subduction came to a halt in the northern margin 
of the arc complex, another subduction zone formed on its southern edge (Nironen 1997, 
Fig. 4b). As a result, another island arc and related accretionary prism were formed (e.g. 
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Kähkönen 1989, Lahtinen et al. 2005, Fig. 4b). The second collisional event was followed 
by tectonically inactive stage at 1.88–1.86 Ga (Nironen 1997, Fig. 4c). The final stage of 
the accretion was collision of the arc complex of the southern Finland to the accretionary 
prism at 1.86–1.82 Ga (Nironen 1997, Kukkonen et al. 2008, Fig. 4d). 
 
 
Figure 4. A simplified sketch of tectonic model of Svecofennian orogeny between 1.91–1.82 Ga after Nironen 
(1997). The thick black lines with triangles represent subduction zones with subducting slab on the side of 
the triangles. a) Collision of an island arc to Archean Karelia Province initiates the Svecofennian orogeny at 
1.91 Ga. b) Collision of the arc complex of central Finland to the southern edge of the island arc on causes 
the peak of the Svecofennian orogeny at 1.89–1.88 Ga. A new subduction zone forms on the southern side 
of the arc complex and another island arc is formed at the southern edge of the arc complex. c) Tectonically 
inactive phase at Central Finland. d) A new subduction zone is formed as arc complex of southern Finland 
starts to collide to the southern edge of the arc complex of central Finland at 1.86 Ga. The collisional event 
ends 1.82 Ga.  
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3.2 Central Finland granitoid complex 
 
Roughly 80% of the voluminous ~40000km2 CFGC (Fig. 5) consists of foliated 1.89–
1.88 Ga I-type granites, granodiorites and tonalites, as well as minor diorites and gabbros, 
that are synkinematic with respect to the Svecofennian orogeny (Front and Nurmi 1987, 
Nironen 2005). In central and northern parts of the CFGC, these synkinematic granitoids 
are mainly medium- to coarse-grained, even-grained to alkali feldspar porphyritic 
granodiorites and granites, whereas in the western margin of the CFGC, they are generally 
medium-grained tonalites (Front and Nurmi 1987, Rämö et al. 2001, Nironen 2005). The 
main mafic minerals are biotite (present in all of the rock types), hornblende (present in 
all but the most felsic granitoids), and less commonly pyroxenes (present in few granites, 
granodiorites, and tonalites) (Front and Nurmi 1987, Mikkola et al. 2016, Table 1). 
Typical accessory minerals in synkinematic rocks are apatite, zircon, titanite, and 
magnetite (Front and Nurmi 1987, Table 1). 
 
 
 
Figure 5. Geological sketch map of Central Finland Granitoid Complex (CFGC) after Elliott (2003) and 
Mikkola et al. (2016). The intrusions studied in this study at Riitalampi, Viininperä, and Korloppinen localities 
are indicated. 
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Synkinematic granitoids of the CFGC are crosscut by weakly to non-foliated 1.88–1.87 
Ga granitoid intrusions, which mostly have A-type geochemical affinities (Huhma 1986, 
Elliott et al. 1998, Fig. 5). These granitoids are referred to as postkinematic as they record 
local deterioration or termination of compressional deformation within CFGC and 
initiation of extensional or transtensional regimes in the areas of occurrence (Elliott et al. 
1998, Nironen et al. 2000, Mikkola et al. 2016). Even though these postkinematic 
granitoids are partly coeval with the synkinematic granitoids, they clearly differ from 
each other by their structure, mineralogy and geochemical composition forming well 
distinguishable, but volumetrically minor, suite in the CFGC (Nironen et al. 2000). 
Coeval mafic intrusions and MME evidence local mixing and mingling between mafic 
magmas and some of the postkinematic granitoids (Elliott et al. 1998, Nironen et al. 2000, 
Rämö et al. 2001, Mikkola et al. 2016). A suite of ca. 1.87 Ga unfoliated, weakly 
porphyritic to even-grained granitoids represent the youngest known granitoids in the 
CFGC area (Mikkola et al. 2016). These rocks have been named as Oittila granitoids and 
they are present as small intrusions and dykes, crosscut the synkinematic and 
postkinematic rocks of the CFGC (Mikkola et al. 2016). 
 
The postkinematic granitoids of the CFGC have been divided into three groups with 
partially distinct mineralogical (Table 1) and geochemical features. These groups are 
called Type 1, Type 2, and Type 3, which can be further divided into Types 3a and 3b 
(Elliott et al. 1998, Nironen et al. 2000). The Type 1 rocks, flanking the southern margin 
of CFGC (Fig. 5), are slightly to non-foliated coarse-grained alkali feldspar porphyritic 
and even-grained granodiorites to monzogranites with biotite as the main mafic silicate 
(Elliott et al. 1998, Rämö et al. 2001). Alkali feldspar phenocrysts are perthitic orthoclase 
and often altered to sericite. Microcline alkali feldspar and plagioclase are present in 
groundmass and they are often altered to sericite. Myrmekite is absent in most of the 
rocks, but in some rocks it is pervasive. Quartz is mostly interstitial, but it is also present 
as inclusions. Biotite is present as anhedral secondary reaction products of amphibole and 
as euhedral to subhedral magmatic grains (Elliott et al. 1998). Accessory minerals are 
zircon, apatite, ilmenite, and fluorite (Elliott et al. 1998, Rämö et al. 2001). The Type 1 
rocks differ geochemically from the other postkinematic types by their relatively strong 
peraluminous affinity (Nironen et al. 2000). Sedimentary rocks found at the southern 
flank of the CFGC have been interpreted as the major source for the Type 1 rocks 
(Nironen et al. 2000).  
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Table 1. The rock types and typical mineralogy of synkinematic and postkinematic granitoids of Central 
Finland Granitoid Complex. After Front and Nurmi (1987), Elliott et al. (1998), and Rämö et al. (2001). 
  Synkinematic Postkinematic 
 		 Type 1 Type 2 Type 3a Type 3b 
Rock type tonalite, 
granodiorite, and 
granite 
granodiorite 
and 
monzogranite 
monzogranite monzogranite, 
quartz monzonite , 
and quartz syenite 
granodiorite and 
quartz monzonite 
Main mafic 
silicates 
biotite ± 
hornblende         
± pyroxene 
biotite biotite               
± hornblende 
biotite, hornblende        
± pyroxene 
biotite, 
hornblende, 
pyroxene             
± olivine 
Typical 
accessory 
minerals 
apatite, zircon, 
titanite, 
magnetite 
zircon, apatite, 
ilmenite            
± fluorite 
fluorite, zircon, 
apatite, titanite, 
allanite, 
ilmenite 
zircon, apatite, 
titanite, ilmenite   
± magnetite 
zircon, apatite, 
titanite, ilmenite   
± magnetite 
 
 
The most voluminous postkinematic granitoids are the Type 2 coarse-grained alkali 
feldspar porphyritic and even-grained monzogranites (Elliott et al. 1998). Alkali feldspar 
phenocrysts are orthoclase and some of them have rims consisting of plagioclase and 
quartz. Quartz and mafic silicates are mainly present as anhedral interstitial grains (Elliott 
et al. 1998). Biotite is commonly the main mafic silicate, although in some of the more 
mafic Type 2 rocks amphibole may be the main mafic silicate (Elliott et al. 1998, Rämö 
et al. 2001). Accessory minerals are fluorite, apatite, zircon, allanite, and ilmenite, which 
is often rimmed with titanite (Elliott et al. 1998, Rämö et al. 2001). The Type 2 rocks are 
metaluminous to weakly peraluminous granitoids with A-type geochemical affinity 
(Nironen et al. 2000). Geochemically they can be distinguished from the other 
postkinematic Types as they tend to be more felsic and enriched in fluorine (Nironen et 
al. 2000). 
 
The Type 3a intrusions often have coarse-grained porphyritic to even-grained biotite–
hornblende monzogranitic central assemblages that grade to olivine- and pyroxene-
bearing quartz monzonitic and quartz syenitic marginal phases (Elliott et al. 1998, 
Nironen et al. 2000). The Type 3b rocks are biotite–hornblende quartz monzonites, 
granites and granodiorites with clinopyroxene in the mineral assemblage throughout the 
intrusions (Nironen et al. 2000). Alkali feldspar phenocrysts are perthitic orthoclase, 
occasionally rimmed by plagioclase and quartz in the coarse-grained porphyritic rocks 
(Elliott et al. 1998, Nironen et al. 2000). Plagioclase is unaltered and commonly has 
myrmekitic interlocking grain boundaries with alkali feldspar (Elliott et al. 1998). 
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Accessory minerals are zircon, apatite, ilmenite, magnetite and secondary titanite (Elliott 
et al. 1998, Rämö et al. 2001). Ilmenite is the dominant oxide phase, whereas coexisting 
magnetite is characteristic accessory mineral only in the Type 3a marginal assemblages 
(Elliott et al. 1998). Geochemically the Type 3b rocks are metaluminous to weakly 
peraluminous A-type granitoids, and they are commonly more mafic than the rocks of the 
other postkinematic Types. The Type 3a rocks are geochemically transitional between 
Type 2 and Type 3b rocks (Nironen et al. 2000). 
 
4. MATERIALS 
 
Geological Survey of Finland provided the author with field observation data, seven 
previously prepared polished thin sections, and seven whole-rock geochemical analyses 
(Rasilainen et al. 2007) of Riitalampi, Viininperä, and Korloppinen intrusions, and a U-
Pb age analysis of Riitalampi intrusion (Hannu Huhma personal communication, 2015). 
To ensure sufficient coverage of data, six days of revision mapping and sampling of the 
Riitalampi, Viininperä, and Korloppinen intrusions was performed during this study. The 
revision mapped outcrops were chosen so that they would cover the intrusions as 
thoroughly as possible. New samples were collected from most of the revisioned outcrops 
using mini core drill and hammer. New materials consist of 19 thin sections, mineral 
analyses of seven samples (Appendices 2, 3, 4, 5, and 6), 14 whole-rock geochemical 
analyses (Appendix 7), and a U-Pb age determination (Appendix 8). Summary of the 
materials can be found in Table 2. 
 
 
Table 2. Quantity of materials of Riitalampi, Viininperä, and Korloppinen intrusions, and related rocks.  
Intrusion Riitalampi Viininperä Korloppinen 
south 
Korloppinen 
north 
Rock type Quartz 
monzonite 
MME1 Quartz 
monzonite 
Monzo-
diorite 
Enclave/
autolith 
Cutting 
dyke 
Quartz 
monzonite 
Monzo-
granite 
Thin 
sections 
11 3 6 1 3 - 1 1 
        
Mineral 
analyses 
2 1 2 1 - - 1 - 
        
Whole-rock 
analyses 
10 2 4 1 1 1 1 1 
        
U-Pb age 
analysis 
- - 1 - - - - - 
                
1Mafic microgranular enclave 
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5. METHODS 
 
5.1 Whole-rock geochemistry 
 
The whole-rock geochemical analyses were performed by Labtium Ltd. Crushing and 
pulverizing of the rock samples (>1 kg) were performed with Mn-steel jaw crusher and 
tungsten carbide bowl, respectively. The pulverized samples were then pressed as powder 
pellets for analyses. Wave-length dispersive X-ray fluorescence (WD-XRF) method was 
used to analyze major element oxides (SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO, 
Na2O, K2O, and P2O5) and certain trace elements (Bi, Cl, Ga, and Sn). Other trace 
elements (Ag, As, Ba, Be, Cd, Ce, Co, Cr, Cu, Dy, Er, Eu, Gd, Hf, La, Lu, Mo, Nb, Nd, 
Ni, Pb, Pr, Rb, S, Sb, Sc, Sm, Sr, Ta, Tb, Th, Tm, U, V, Y, Yb Zn, and Zr) were analyzed 
with inductively coupled plasma mass spectrometer (ICP-MS) using samples treated with 
total digestion in HF-HClO4. Detection limits for the analyzed elements are as follows: 
0.01 ppm for Ho, Lu, Tb, and Tm, 0.02 ppm for Er and Eu, 0.05 ppm for Dy, Gd, Pr, Sm, 
Ta, U, and Yb, 0.1 ppm for Nb, Nd, and Th, 0.2 ppm for Y, 0.5 ppm for Be, Ce, Hf, and 
Rb, 2 ppm for Ba, La, and Sr, 5 ppm for Ag, Cd, Co, Mo, V, and Zn, 10 ppm for Sc, 20 
ppm for As, Cr, Ga, Ni, Pb, Sn, and Zr, 30 ppm for Bi, 50 ppm for Ca, K, and Sb, 60 ppm 
for Mn and P, 70 ppm for Ti, 100 ppm for Cl, S, and Si, 150 ppm for Al, 200 ppm for Fe 
and Mg, and 300 ppm for Na (Labtium Ltd, Sample preparation and analytical methods, 
site visited 03.27.2017).  
 
5.2 Mineral chemistry 
 
Chemical compositions of alkali feldspar, plagioclase, biotite, hornblende, and 
pyroxenes, were analyzed from polished thin section samples. Of each analyzed mineral 
species in a sample, three individual grains were included in the analysis. Two to three 
measurements of individual grains were used to get an average composition for each 
analyzed mineral grain. Only magmatic and unaltered grains were included in the 
analyses. In the case of alkali feldspars fully non-perthitic grains were minute or 
completely absent in some samples, hence measurement spots were targeted on non-
perthitic margins of the grains.  
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Polished thin sections were carbon coated and analyzed at University of Helsinki, 
Department of Geosciences and Geography using JEOL JXA-8600 electron probe micro-
analyzer (EPMA) equipped with four wavelength-dispersive (WDS) spectrometers. The 
analyses were performed with 15 kV acceleration voltage, 15 nA beam current, and 
focused beam with 10 µm spot size. Peak and background measuring times were 20–45, 
and 10–25 seconds, respectively. Matrix correction was conducted with XMAS software 
using PAP correction (Pouchou and Pichoir 1984). Stability of the beam current was 
evaluated by measuring standard sample prior to and after the analyses. The standards 
used in the analyses are listed in Appendix 1. 
 
5.3 U-Pb geochronology 
 
Roughly 10 kg of the sample (A2441) was crushed with rock-splitting press and jaw 
crusher at University of Helsinki, Department of Geosciences and Geography. The rest 
of the sample preparation as well as the analysis were performed in the Geological Survey 
of Finland, Espoo. Crushed sample was ground to powder with swing mill. The 
pulverized sample was treated with heavy liquid (methylene iodide) and magnetic 
separations after which roughly 80 colorless and prismatic zircons were hand-picked and 
mounted into epoxy resin. The zircons were then cut in half and epoxy resin was polished. 
Back-scattered electron (BSE) images were taken of the zircons prior to the analyses in 
order to determine suitable zircon for the analysis.  
 
Nu Plasma Attom single collector ICP-MS connected to Photon Machine Excite laser 
ablation system was used in the U-Pb isotope analysis. Ablation of the samples was 
performed in HelEx ablation cell (Müller et al., 2009) with He gas flow rate of 0.4 and 
0.1 l/min. Before plasma generation, the He aerosol was mixed with Ar gas with flow rate 
of 0.8 l/min. Beam diameter, pulse frequency and beam energy density used in the 
analysis were 25 µm, 5 Hz and 2 J/cm2, respectively. A short pre-ablation and 10 seconds 
of on-mass background measuring was included in every measurement after which the 
zircon was ablated 30 seconds with stationary beam. Calibration standards A1772 (2712 
± 1 Ma, Huhma et al. 2012) and GJ1 (609 ± 1 Ma, Belousova et al. 2006) were measured 
before, after and once during the analytical session. U, Pb, and Th concentrations were 
calculated relative to standard sample A382 (1887 ± 2 Ma, Huhma et al. 2012). The 
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abundance of 235U was calculated on the basis of the measured 238U using the natural ratio 
238U/235U=137.88. Glitter program was used to correct the raw measured data from 
background noice, laser induced elemental fractionation, mass discrimination and drift in 
ion counter gains (Van Achterbergh et al. 2001). Age calculation was performed with 
Isoplot/Ex program version 3.00 (Ludwig 2003). 
 
6. LITHOLOGY OF THE EXAMINED INTRUSIONS 
 
6.1 Riitalampi intrusion 
 
Riitalampi intrusion is 12 ´ 5 km in size and it is located 4 km south from the village of 
Toivakka in southeastern CFGC (Fig. 6). The intrusion is surrounded by synkinematic 
even-grained and porphyritic granodiorites, calc-alkaline felsic, intermediate, and mafic 
volcanic rocks, migmatitic paragneiss, and postkinematic diorite intrusions of which ca. 
3 ´ 6 km Poikaraiskansuo (Fig. 6) is the largest (Mikkola et al. 2016). The contact 
relationships between the Riitalampi intrusion and the surrounding rocks are currently 
poorly known as the area is poorly exposed, although MME, texturally and 
mineralogically similar to Poikaraiskansuo diorite, can be observed inside Riitalampi 
intrusion (Fig. 7a). In the east the Riitalampi intrusion is bordered by dextral northeast-
southwest trending shear zone (Fig. 6). The age of the intrusion is 1879 ± 4 Ma (Hannu 
Huhma personal communication 2015) and it consists of relatively homogeneous non-
foliated small- to medium-grained alkali feldspar porphyritic quartz monzonite 
throughout the intusion (Fig. 7b). Subhedral and ovoidal alkali feldspar phenocrysts are 
10–30 mm in diameter and they compose 30–50 vol.-% of the rock (Figs. 7a and 7b). 
Some of the alkali feldspar phenocrysts are mantled by < 1 mm rim of plagioclase. The 
main mafic silicates are hornblende and biotite, which are present as small- to medium-
grained groundmass and compose 20–40 vol.-% of the rock.  
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Figure 6. Bedrock maps of Riitalampi, Viininperä, and Poikaraiskansuo intrusions. The sample sites are 
marked as circles and sample A2441, which was used for age determination of Viininperä, is marked with 
star. The stippled lines represent fracture- and shear-zones. 
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Figure 7. a) Alkali feldspar porphyritic quartz monzonite (EPHE-2012-91) of Riitalampi intrusion with a MME. 
Some of the grey alkali feldspars have white mantle consisting of plagioclase and quartz. b)  Typical quartz 
monzonite (ASM$-2013-224) of Riitalampi intrusion, with grey subhedral alkali feldspar phenocrysts, some 
of which are partially mantled by white plagioclase and quartz. Mafic silicates, biotite and hornblende, are 
present mainly as interstitial grain aggregates. Length of the compass in both photos is 12 cm. 
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In outcrop ASM$-2013-224, located at the northern flank of the intrusion (Fig. 6), a 
contact between quartz monzonite and a synplutonic diorite dyke is well exposed on a 
stone aggregate quarry wall, where the structures can be observed (Fig. 8a). The contact 
between the dyke and the host rock is sharp, although the dyke has on average 1 mm thick 
intermittent rim of amphibole ± biotite. There is no textural or compositional variation 
visible in the quartz monzonite at the contact. Adjacent to the dyke there are abundant 
dioritic MME inside the quartz monzonite (Figs. 8a and 8b). The equigranular and fine-
grained MME are rounded and elongated roughly parallel to the contact of the dyke and 
their size usually vary from 5–20 cm, although the largest ones exceed 1 m in diameter 
(Fig. 8b). Alkali feldspar and plagioclase xenocrysts, derived from the quartz monzonite, 
are found completely and partially inside some of the MME (Fig. 8b), whereas some of 
the MME are xenocryst-free. There seems to be no correlation between the presence of 
xenocrysts in the MME with size of the MME. Compositionally, structurally, and 
texturally coherent MME are typical throughout the Riitalampi intrusion (Figs. 7a and 
8b). Intermediate enclaves are present at outcrops ASM$-2012-362, ASM$-2013-240, 
and EPHE-2012-91 (Fig. 6) They are less abundant than MME and they differ texturally 
and structurally from the MME as their grain size is slightly bigger (up to 2 mm), they do 
not have rims, and they rarely exceed 10 cm in diameter.  
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Figure 8. a) Sketch of quarry wall at Riitalampi intrusion outcrop ASM$-2013-224. Gray represents quartz-
monzonite, black diorite, and white sky. Diorite has intruded quartz monzonite as synplutonic dyke (at the 
bottom of the wall), after which quartz monzonite has back-veined into diorite. Diorite is also present as 
abundant MME that show mingling of the two magmas. b) MME-bearing quartz monzonite sample from 
outcrop ASM$-2013-224. Alkali feldspar and plagioclase xenocrysts in MME have been derived from the 
host quartz monzonite. Photo: Jouko Ranua. 
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6.2 Viininperä intrusion 
 
Roughly 3 km southeast of Riitalampi intrusion lies the roundish ca. 3.5 ´ 3 km 
Viininperä intrusion, surrounded by porphyritic synkinematic granodiorites and 
metagreywackes (Fig. 6). Between the two intrusions is northeast-southwest trending 
sinistral Leivonmäki shear zone that is characterized by brittle deformation (Mikkola et 
al. 2016, Fig. 6) The Viininperä intrusion is poorly exposed and there are no outcrops on 
its southern part, hence geophysical properties, i.e. low magnetic susceptibility and 
relatively low gravity, have been utilized to define its extents (Mikkola et al. 2016).  The 
major rock type of the intrusion is non-foliated alkali feldspar porphyritic quartz 
monzonite with medium-grained groundmass of plagioclase, quartz, biotite and 
hornblende (Fig. 9a). About 20 vol.-% of the rock is composed of mafic silicates. Alkali 
feldspar phenocrysts, which are subhedral and ovoidal, compose ca. 50 vol.-% of the rock 
and are 10–20 mm in diameter. Partial and complete plagioclase mantles, with thickness 
of < 1 mm, are often found around the alkali feldspar phenocrysts. The relative amount 
of quartz and alkali feldspar increases with respect to plagioclase at the syenogranitic 
northern flank of the intrusion (Fig. 6). Despite the change in mineral abundances, the 
texture of the syenogranite is similar with the quartz monzonite. There is a contact of opx-
bearing monzodiorite (jotunite) and monzogranite exposed at outcrop EPHE-2012-47 
(Figs. 6). Both the monzodiorite and monzogranite are massive and medium-grained, but 
feldspar phenocysts are distinctly sparser than in the other rocks of Viininperä locality 
(Fig. 9b).  
 
Dioritic MME, present only in one, ca. 80 ´ 15 m, syenogranite outcrop (EPHE-2015-
380, Fig. 6) are rounded, 10–40 cm in diameter and they scatter all around the outcrop 
(Fig. 10a). Some of the MME have medium-grained intermediate zones at the contacts 
that gradually turn into more mafic and fine-grained interiors (Fig. 10b). Some small 
(usually < 10 cm in diameter) enclaves are compositionally felsic and some may exhibit 
gradual change from slightly more felsic medium-grained border facies to fine-grained 
center facies (Fig. 10b), whereas some are compositionally homogeneous and thoroughly 
even-grained. These felsic enclaves are more felsic than their host rock, hence they are 
considered as autoliths. Xenocrysts of alkali feldspar, and occasionally plagioclase and 
quartz, are found completely and partially within the MME.  
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Figure 9. a) Typical alkali feldspar porphyritic quartz monzonite (ASM$-2012-346) of Viininperä intrusion. 
Some of the grey alkali feldspar are mantled by white plagioclase and quartz. b) Contact between opx-
bearing monzodiorite (top) and monzogranite (bottom) at Viininperä intrusion outcrop EPHE-2012-47. 
Length of the compass in both photos is 12 cm. 
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Figure 10. a) A MME at outcrop EPHE-2015-380 of Viininperä intrusion. Abundant feldspar xenocrysts in 
the MME are evidence of mingling between the MME and host syenogranite. The MME has partial reaction 
rim with coarser grain size at the right margin. b) An autolith with alkali feldspar xenocrysts at syenogranite 
outcrop EPHE-2015-380. Grain size of the autolith increases from the center to the margins. Length of the 
compass in both photos is 12 cm. 
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6.3 Korloppinen intrusions 
 
Southern intrusion of Korloppinen is located ca. 8 km southwest from the city of 
Jyväskylä and ca.  24 km northwest from the Riitalampi intrusion. Korloppinen was 
initially regarded as one postkinematic intrusion, but detailed revision mapping and 
geochemical comparison with other CFGC granitoids led to an interpretation of two small 
individual postkinematic intrusions surrounded by synkinematic porphyritic granites 
(Fig. 11). The size of the southern intrusion has been interpreted to approximately 1000 
´ 500 m (Fig. 11) and it is composed of unfoliated alkali feldspar porphyritic 
orthopyroxene-bearing hornblende-biotite quartz monzonite (quartz mangerite, Fig. 12a). 
The euhedral to subhedral alkali feldspar phenocrysts are up to 5 cm in diameter and they 
compose ca. 40 vol% of the rock. Local magmatic orientation of the phenocrysts can be 
observed, but the directions differ at outcrop scale. Massive medium-grained ground mass 
is composed of plagioclase, quartz, and mafic silicates. Roughly 4 km north from the 
southern intrusion of Korloppinen lies ca. 800 ´ 300 m northern intrusion (Fig. 11). It 
consists of non-foliated weakly alkali feldspar porphyritic monzogranite (Fig. 12b). The 
alkali feldspar phenocrysts are generally ca. 1 cm in diameter and some are mantled by < 
1 mm thick layers of plagioclase. Medium-grained groundmass consists of plagioclase, 
quartz, biotite, hornblende, and minor pyroxene. 
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Figure 11. Bedrock map showing the southern and northern intrusions of Korloppinen locality. The sample 
sites have been marked as green circles.  
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Figure 12. a) Opx-bearing quartz monzonite (EPHE-2013-355) of the southern intrusion of Korloppinen. 
Alkali feldspar phenocrysts show two magmatic orientations in isotropic groundmass on each side of the 
fracture. Length of the compass is 12 cm. b) Alkali feldspar porphyritic monzogranite (EPHE-2013-136) of 
northern intrusion of Korloppinen. Length of the scale bar is 11 cm. Photos: Esa Heilimo. 
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7. PETROGRAPHY 
 
7.1 Riitalampi intrusion 
 
The main petrographical features of all of the Riitalampi samples are given here. Alkali 
feldspar, and in lesser extent plagioclase, form euhedral to subhedral phenocrysts, 
whereas intergranular groundmass consists of plagioclase, quartz, and main mafic 
silicates hornblende and biotite. Generally, all of the minerals show undulatory extinction 
throughout the intrusion. 
 
7.1.1 Felsic main minerals 
Alkali feldspar is orthoclase that can be found as subhedral phenocrysts (Fig. 13a), with 
occasional Calrsbad twinning, and also as subhedral grains in the ground mass. The 
phenocrysts are usually 20–30 mm in diameter, whereas the grains in the groundmass are 
generally less than 1 mm in diameter. Both phenocrysts and groundmass alkali feldspars 
are generally moderately to strongly perthitic (Fig. 13a). The phenocrysts are often partly 
or completely rimmed by < 1 mm thick zones of myrmekitic/re-crystallized 
microgranular plagioclase and quartz (Fig. 13a). On seldom occasions the rims are partly 
enclosed in the orthoclase phenocrysts, in which case they conform to earlier crystal faces 
of the phenocryst. Quartz and plagioclase, which is generally strongly sericitic and/or 
saussuritic, can be found as inclusions in orthoclase. Other inclusions in orthoclase are 
biotite, hornblende, zircon, apatite, titanite, allanite, and ilmenite. Usually, plagioclase is 
present as subhedral or nearly euhedral grains in ground mass and less often as larger 
phenocrysts. Diameter of the groundmass grains is usually 0.1–3 mm, whereas the 
diameter of the phenocrysts is usually in the range between 5 and 10 mm. All the samples 
contain strongly to weakly sericitic and unaltered grains. The grains are occasionally 
weakly zoned in which case the centers are sericitic. Twinning lamellae are common and 
often bent and fragmentary. When in contact with alkali feldspar, myrmekitic wart-like 
bulging outer rim of plagioclase penetrates into the alkali feldspar, whereas the part of 
plagioclase that is further away from the contact remains subhedral and free of 
myrmekite. On rare occasions, ca. 0.1–1 mm plagioclase forms polycrystalline aggregates 
with similar size quartz. Hornblende, biotite, quartz, ilmenite and zircons can be found as 
inclusions in plagioclase. Quartz occurs as subhedral to anhedral interstitial grains, with 
33 
a diameter of 0.1–2 mm, and monomineral re-crystallized grain aggregates. Biotite, 
ilmenite, and zircon are rarely enclosed in quartz. On rare occasions quartz shows 
vermicular intergrowth with biotite. Small quartz grains are often present when 
hornblende is altered to biotite. 
 
7.1.2 Mafic main minerals 
Mafic silicates, hornblende and biotite, are equally abundant and can be found most often 
as polymineralic aggregates that form vast uniform intergranular complexes in the 
interstitial spaces between feldspars (Fig. 13b). Hornblende is colorless to dark green 
pleochroic and it can be found as subhedral individual grains, but also as anhedral 
polymineralic grain aggregates with biotite (Fig. 13b). The subhedral grains are generally 
0.1–3 mm in diameter. Hornblende is occasionally either completely altered or rimmed 
by secondary biotite and amphibole with colorless to bluish-green pleochroism. 
Secondary chlorite and microgranular quartz (Fig. 13b) are also commonly found on the 
grain boundaries of the strongly altered and fragmented hornblende. Zircon, allanite, 
apatite, and ilmenite inclusions are common in hornblende. Some of the hornblende 
grains contain exsolution lamellae consisting of minute opaque crystals. Two phases of 
biotite are present in all samples: magmatic biotite that occurs as subhedral grains with 
light to dark brown pleochroism, and more abundant anhedral secondary biotite with dark 
brown to blackish brown pleochroism (Fig. 13b). Diameter of the subhedral biotite grains 
is 0.1–3 mm. Apatite, zircon, allanite, monazite, and ilmenite, which is often rimmed with 
titanite are found as inclusions in both magmatic and secondary biotite.   
 
7.1.3 Accessory minerals 
The most abundant accessory minerals are zircon and apatite that are euhedral to 
subhedral and generally present as inclusions in feldspars, mafic silicates, and 
occasionally in quartz. Less abundant ilmenite is usually present as rounded grains and 
often associated with titanite corona. Some ilmenite grains are present in the groundmass, 
but it is most commonly found as inclusions in mafic silicates, particularly biotite, and 
less commonly in feldspars. Mafic silicates are also typical hosts for relatively common 
allanite and rare monazite. 
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Figure 13. a) Subhedral perthitic orthoclase phenocryst with partial mantle composed of microcrystalline 
plagioclase and quartz in sample ASM$-2013-224.1 of the Riitalampi intrusion. Wart-like bulges of 
myrmekite are present on the left and right margins of the phenocrysts. b) Grain aggregate composed mainly 
of biotite, hornblende, and microcrystalline quartz in sample ASM$-2013-240.1 of the Riitalampi intrusion. 
Pale brown biotite is present as larger subhedral grains and as smaller secondary anhedral to subhedral 
grains around purple hornblende. Both photomicrographs have been taken under crossed polarized light. 
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7.1.4 Riitalampi MME 
The Riitalampi MME are composed of even- and fine-grained granular clinopyroxene- 
and biotite-bearing diorite (Fig. 14a). Plagioclase is the most abundant mineral in the 
groundmass of the enclaves. The grains are subhedral to euhedral and both unaltered as 
well as strongly sericitic grains are present (Fig. 14a and 14b). Lamellae are often slightly 
bent and fragmentary. Clinopyroxene is augite and it forms subhedral grains that are often 
rounded and fractured, and occasionally twinned. Average diameter of the augite grains 
is ca. 0.2 mm. Most of the grains are nearly completely altered into amphibole, biotite, 
and chlorite, whereas some grains, that have amphibole coronas, are weakly to unaltered. 
Optically determined pigeonite exsolution lamellae are common in the unaltered augite 
grains. Unaltered hornblende is rare and found only as tiny anhedral patches in sample 
PIM$-2012-88.2. The unaltered patches are surrounded by secondary colorless 
amphibole, biotite, and chlorite. Anhedral chlorite and colorless to pale green to bluish-
green amphibole have sutured grain boundaries and they form polymineralic aggregates 
(Fig. 14a). Subhedral biotite of the groundmass is ca. 0.3 mm in diameter, often tattered 
and associated with polymineralic aggregates of mafic silicates (Fig. 14a). Sagenitic 
texture, i.e. needlelike rutile inclusions with intersecting angles of 60°, is common in 
sample PIM$-2012-88.2. Pleochroic colors range from light to dark brown to rarely 
green. Sagenitic texture is absent in the larger poikilitic anhedral biotite grains, with 
diameters up to 1mm, that enclose the groundmass minerals. 
 
Xenocrystic plagioclase grains are euhedral to subhedral, up to 4 mm in diameter, and 
they often form polymineralic aggregates with anhedral interstitial quartz and alkali 
feldspar. Most of the plagioclase xenocrysts are unaltered but some are weakly serisitic. 
Most of the plagioclase phenocrysts are inclusion-free, but some are filled with the mafic 
silicates of the MME groundmass. Occasionally, otherwise lamellar plagioclase may have 
lamellae-free outer rim with consertal texture. Sparse anhedral and poikilitic alkali 
feldspar (Fig. 14b) and quartz xenocrysts enclose groundmass minerals of MME. 
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Figure 14. a) Consertal texture of groundmass plagioclase, biotite, and secondary mafic silicates of 
Riitalampi MME (mafic microgranular enclave) sample PIM$-2012-88.2. There is a rounded tourmaline 
inclusion in a zircon near the top right corner. b) Poikilitic alkali feldspar xenocryst, in the top left corner, 
encloses groundmass grains in Riitalampi MME sample ASM$-2013-224.2. Both photomicrographs have 
been taken under crossed polarized light. 
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Typical accessory minerals are apatite, zircon, and opaque minerals. Apatite is commonly 
present as euhedral to needle-like inclusions in plagioclase, but occasionally they reach 
the size of the groundmass minerals, ca. 0.2 mm along the c-axis. Zircon grains are often 
subhedral, but tattered in the way that the other prismatic end of a crystal is missing. 
Opaque minerals are often rounded and commonly associated with the mafic silicates. 
One rounded tourmaline grain was found as an inclusion in zircon in sample PIM$-2012-
88.2 (Fig. 14a).  
 
7.2 Viininperä intrusion 
 
With the exception of two samples, monzogranite EPHE-2012-47.2 and monzodiorite 
EPHE-2012-47.1, textural and mineralogical features are relatively unvarying throughout 
the Viininperä intrusion. The intrusion is generally composed of alkali feldspar and 
plagioclase with granular texture, whereas quartz and mafic silicates, i.e. hornblende, 
biotite, and rare pyroxenes, are present interstitially in the groundmass. Mafic silicates 
often form polymineralic agglomerates (Fig. 15a). All minerals exhibit undulatory 
extinction, but it is most distinct in quartz grains. 
 
7.2.1 Felsic main minerals 
Alkali feldspar is present as subhedral to euhedral orthoclase phenocrysts that are often 
Carlsbad twinned, and as smaller subhedral grains in groundmass. The phenocrysts are 
generally 10–20 mm in diameter, whereas the grains in the groundmass have usually a 
diameter of 1–2 mm. In monzodiorite sample EPHE-2012-47.1, orthoclase is present as 
interstitial anhedral to subhedral, often poikilitic grains with diameter of 1–3 mm (Fig. 
15b). Orthoclase is commonly perthitic throughout the intrusion. The orthoclase 
phenocrysts are often completely or partly rimmed by microgranular plagioclase and 
quartz that are often myrmekitic (Fig. 15a). Occasionally, plagioclase replaces margins 
of orthoclase grain as wart-like myrmekitic bulges. Altered plagioclase, quartz, 
hornblende, biotite, zircon, apatite, and ilmenite are common inclusions in orthoclase. 
Subhedral to euhedral plagioclase is generally in the groundmass, but occasionally also 
as phenocrysts. Euhedral plagioclase phenocrysts, with diameter of 4–6 mm, are present 
in syenogranite sample EPHE-2015-380.1, monzogranite sample EPHE-2012-47.2 and 
in monzodiorite sample EPHE-2012-47.1 (Fig. 15b). Some of the plagioclase grains are 
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weakly to completely sericitic, but generally they are unaltered. Lamellae are often curved 
and fragmentary. Plagioclase encloses biotite, hornblende, zircon, apatite, and ilmenite. 
Quartz is present generally as anhedral interstitial monomineral aggregates that locally 
exceed 5 mm in size. In these masses the grain boundaries form a 120° angle between 
grains. Some subhedral equidimensional grains, ca. 0.5 mm in diameter on average, are 
present in quartz monzonite samples. In a few instances, up to 1.5 mm long vermicular 
quartz grains conform grain boundaries of alkali feldspar phenocrysts. Poikilitic anhedral 
quartz masses enclose plagioclase, hornblende, and clinopyroxene in monzogranite 
sample EPHE-2012-47.2, and in monzodiorite sample EPHE-2012-47.1. Zircon and 
apatite are found as rare inclusions in quartz in all samples. 
 
7.2.2 Mafic main minerals 
The most abundant mafic mineral throughout the Viininperä intrusion is biotite that can 
be found as subhedral laths as well as secondary anhedral grains that are generally 
associated with altered, fragmentary hornblende (Fig. 15a). Biotite grains are typically 1–
3 mm in diameter, but some large grains are up to 6 mm in diameter. Pleochroism of the 
subhedral grains range from light to dark brown. Inclusions of ilmenite, zircon, apatite, 
and allanite are abundant in both types of biotite. Plagioclase and hornblende inclusions 
in biotite are found only in monzogranite sample EPHE-2012-47.2. Hornblende is present 
as anhedral to subhedral and often tattered grains (Fig. 15a) with colorless to light green 
to dark green pleochroism. Diameter of the hornblende grains is typically 1–3 mm, but 
occasionally up to 6 mm. Most of the grains have been fully or partly altered to secondary 
colorless amphibole and biotite (Fig. 15a), which is often associated with ca. 0.1 mm 
quartz grains. Biotite, plagioclase, zircon, apatite, ilmenite, and allanite inclusions are 
common in hornblende. Exsolution of minute opaque grain rows can be found in 
hornblende on rare occasions. Amphiboles are rare in monzogranite EPHE-2012-47.2 and 
monzodiorite EPHE-2012-47.1, and always associated with altered pyroxene grains. 
Clinopyroxene is augite and only present at one outcrop in monzogranite sample EPHE-
2012-47.2, and monzodiorite sample EPHE-2012-47.1. Augite and forms subhedral 
rounded grains, with diameter of ca. 0.5–2 mm, and they often have coronas composed 
of amphibole and biotite. Optically determined pigeonite exsolution lamellae are common 
in augite. In monzodiorite, the subhedral augite grains often form monomineral crystal 
aggregates. Pale red to pale green pleochroic orthopyroxene is the dominant pyroxene in 
monzodiorite EPHE-2012-47.1, but absent in monzogranite EPHE-2012-47.2. Typically,  
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Figure 15. a) Grain aggregate of purple hornblende, greenish brown biotite, and microcrystalline quartz in 
quartz monzonite sample ASM$-2012-346.1 of the Viininperä intrusion. Biotite is probably alteration product 
of the adjacent hornblende. On the right there is partial myrmekitic rim around an orthoclase phenocryst. 
Ilmenite grains with titanite mantles are present near the border between biotite and hornblende. b) Bluish 
orthopyroxene subofitically encloses subhedral to euhedral plagioclase grains in Viininperä monzodiorite 
sample EPHE-2012-47.1. There is an anhedral alkali feldspar grain in the upper left segment. Both 
photomicrographs have been taken under crossed polarized light.  
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orthopyroxene is anhedral and it encloses euhedral plagioclase crystals (Fig. 10b). 
Opaque minerals can be found as inclusions in orthopyroxene. 
 
7.2.3 Accessory minerals 
Zircon, apatite, ilmenite, titanite, allanite, and monazite are present as accessory minerals. 
These minerals occur as inclusions in the main minerals, especially mafic silicates. 
Euhedral to subhedral zircon and apatite, and rounded ilmenite are the most abundant 
accessory phases. Titanite is anhedral and typically forms coronas around ilmenite (Fig. 
15a). Allanite and monazite are sparse in monzogranite EPHE-2012-47.2 and completely 
absent in and monzodiorite EPHE-2012-47.1. 
 
7.2.4 Viininperä enclaves 
The groundmass of the enclave is composed mostly of alkali feldspar, quartz, and 
plagioclase, with minor biotite, amphibole, and chlorite (Fig. 16b). The alkali feldspar is 
subhedral and weakly perthitic. Quartz is mainly as anhedral interstitial crystals between 
feldspars. Plagioclase is less abundant than alkali feldspar and quartz and it is subhedral 
and generally unaltered. Excluding the poikilitic biotite and hornblende, the mafic 
silicates are generally strongly altered and only few unaltered biotite crystals are present 
in the groundmass. The majority of the mafic silicates are secondary colorless 
amphiboles, micas, and chlorite that form polymineralic patchy aggregates. There are few 
crystal relicts in these aggregates that can be identified as hornblende and clinopyroxene. 
 
The margins of the Viininperä enclaves differ texturally and mineralogically from the 
center parts of the enclaves. Alkali feldspar and plagioclase phenocrysts of the host 
syenogranite have serrated crystal faces against the enclave. The serrated crystal faces 
result from partial inclusions of mafic silicates and wart-like myrmekitic overgrowth of 
plagioclase that displaces the alkali feldspar phenocrysts (Fig. 16a). When plagioclase 
phenocryst is in contact with mafic silicates, it is strongly altered into sericite. On the 
enclave side of the contact, there are poikilitic biotite and hornblende crystals that 
commonly exceed 5 mm in diameter (Fig. 16a). The amount and size of these poikilitic 
crystals increase from the centers of the enclaves to their margins. 
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Figure 16. a) Contact between syenogranite and intermediate enclave in Viininperä sample EPHE-2015-
380.2. Wart-like myrmekitic bulges replaces orthoclase on the margin that is in contact with groundmass 
plagioclase of the enclave. On the bottom right part of the photo, there is a purple poikilitic hornblende grain 
that encloses groundmass grains of the enclave. b) An orthoclase xenocryst in intermediate enclave sample 
EPHE-2015-380.2 of the Viininperä intrusion. The center of the xenocryst is free of inclusions, whereas 
inclusions are abundant in the marginal part. Dark brown poikilitic biotite grain is present on the bottom right 
part of the photo. Both photos have been taken under crossed polarized light. 
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There is an alkali feldspar xenocryst inside the enclave (Fig. 16b). The core of the 
xenocryst is nearly inclusion-free and strongly perthitic, making it similar to the 
orthoclase phenocrysts of the host syenogranite. The rim of the xenocryst however, is 
serrated, weakly to not perthitic and have abundant inclusions of mafic silicates and 
needle-like apatite that are common in the enclave (Fig. 16b). 
 
7.3 Southern intrusion of Korloppinen 
 
The southern one of the Korloppinen intrusions, represented by sample EPHE-2013-
355.1, is composed of massive granular texture consisting of alkali feldspar phenocrysts, 
plagioclase, quartz and orthopyroxene. Quartz, biotite, and hornblende are texturally 
intergranular. Quartz is the only mineral that shows weak undulatory extinction. 
 
7.3.1 Felsic main minerals  
 Alkali feldspar is orthoclase and it can be found as subhedral to nearly euhedral, often 
perthitic phenocrysts and as subhedral grains in the groundmass. The phenocrysts are 20–
30 mm in diameter on average, but grains up to 60 mm have been observed at the outcrop. 
The groundmass grains are ca. 1 mm in diameter on average. Carlsbad twinning is a 
typical feature in the phenocrysts. Plagioclase, quartz, and biotite are commonly as 
inclusions in the phenocrysts. Often when orthoclase is in contact with plagioclase, 
myrmekitic wart-like overgrowths of otherwise subhedral plagioclase grains start to 
replace the orthoclase (Fig. 17a). Plagioclase forms subhedral grains that are ca. 0.3–6 
mm in diameter (Fig. 17a). Magmatic oscillatory zoning of the plagioclase grains is 
common. Biotite is the only mineral that can be found as inclusions in plagioclase. Quartz 
grains are 1–6 mm in diameter. The smaller grains are subhedral, whereas the largest ones 
are anhedral. Orthoclase can be found as inclusions in the largest quartz grains. 
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Figure 17. Opx-bearing quartz monzonite sample EPHE-2013-355.1 of the southern Korloppinen intrusion. 
Orthoclase phenocryst on left have serrated grain margins against groundmass minerals and some 
groundmass plagioclase grains have myrmekitic overgrowths that replace orthoclase. Orthopyroxene is 
present as rounded grey and yellow grains near the left orthoclase. The blackish red anhedral grain on the 
top right is allanite. b) Margins of an orthoclase phenocryst in the middle is replaced by wart-like myrmekite 
in monzogranite sample EPHE-2013-136 of the northern Korloppinen intrusion. On the bottom right, there 
is a grain aggregate of hornblende and biotite. Both photos have been taken under crossed polarized light. 
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7.3.2 Mafic main minerals 
Biotite is the most abundant mafic silicate and it is present as subhedral grains that are 
less than 2 mm in diameter. Anhedral to subhedral secondary biotite grains can be found 
adjacent to hornblende grains. Apatite and zircon can be found as inclusions in biotite. 
Subhedral to anhedral hornblende grains are 0.5–4 mm in diameter and most commonly 
present in polymineralic grain aggregates together with biotite (Fig. 17a). Typical 
alteration coronas around hornblende consist mainly of biotite with minor secondary 
chlorite. Hornblende encloses apatite, zircon and orthopyroxene. Orthopyroxene grains 
are subhedral, 0.5–2 mm in diameter, and often rounded and fractured (Fig. 17a). 
Fractures are usually filled with yellowish microgranular secondary mineral. Most of the 
grains have complete or partial coronas of secondary amphibole that is occasionally 
associated with secondary biotite. 
 
7.3.3 Accessory minerals 
Accessory minerals include zircon, apatite, titanite, allanite, opaque minerals, and augite. 
Zircon and apatite form subhedral to euhedral crystals, and are most commonly found as 
inclusions in the mafic silicates. Titanite is generally present as coronas around rounded 
opaque minerals, but also in microfractures. Subhedral to anhedral allanite is usually 
found adjacent to mafic silicates and in their fractures (Fig. 17a). 
 
7.4 Northern intrusion of Korloppinen 
 
Sample EPHE-2013-136.1 represents the northern intrusion of the Korloppinen locality. 
It is composed of alkali feldspar, quartz, and plagioclase that are massive and granular. 
Mafic silicates and minor quartz are small- to medium-grained and intergranular. 
Undulatory extinction is typical to all the minerals in this sample. 
 
7.4.1 Felsic main minerals 
 Subhedral to euhedral alkali feldspar is orthoclase and mainly present as phenocrysts that 
are up to 10 mm in diameter, but also as smaller grains in the groundmass. The 
phenocrysts are mainly weakly perthitic, and Carlsbad twinned. Myrmekitic plagioclase 
and quartz form polycrystalline rims partially surrounding some of the orthoclase 
phenocrysts (Fig. 17b). Quartz and plagioclase grains that are occasionally rimmed with 
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myrmekite are typical inclusions in orthoclase (Fig. 17b). Quartz is present as subhedral 
equidimensional grains that are often less than 1 mm in diameter, but also as scarce larger 
anhedral to subhedral grains, up to 4 mm in diameter (Fig. 17b). Most of the largest grains 
have been weakly recrystallized. Plagioclase grains are subhedral and their diameter 
range from < 1 mm to 3 mm. Myrmekitic intergrowths are common and specifically 
abundant when plagioclase is in contact with orthoclase, in which case wart-like bulges 
of myrmekite grow from plagioclase replacing orthoclase (Fig. 17b). Additionally, biotite 
and myrmekite form symplectites when they are in contact with each other. Quartz can 
be found as inclusions in plagioclase. 
 
7.4.2 Mafic main minerals 
Mafic silicates often form sparse polymineralic aggregates that are interstitial with respect 
to feldspars (Fig. 17b). The diameter of a single grain in these aggregates rarely exceeds 
1 mm. Biotite is the most abundant mafic silicate and it can be found as subhedral grains 
that are often partly altered into chlorite and muscovite (Fig. 17b). Hornblende and 
especially pyroxene are less abundant in these aggregates and typically completely altered 
into secondary colorless amphibole, biotite, and chlorite (Fig. 17b).  
 
7.4.3 Accessory minerals 
Accessory minerals include zircon, apatite, allanite, and opaque minerals. Zircon and 
apatite are the most abundant of the accessory minerals and they are present as euhedral 
to subhedral inclusions in feldspars and biotite. Allanite can be found in fractures of mafic 
silicates and as sparse subhedral crystals that may be up to 2 mm in diameter. 
 
8. MINERAL CHEMISTRY 
 
8.1 Feldspars 
 
Ternary feldspar (Ab-Or-An) end-member compositions of the measured alkali feldspar 
grains are described here. The detailed compositions and number of measurements of 
each analyzed alkali feldspar grain are listed in Appendix 2. Compositions of alkali 
feldspars of Riitalampi, and Viininperä intrusions, and the southern Korloppinen 
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intrusion are Ab7–16Or82–92An0–1, Ab7–17Or82–92An0, and Ab14–16Or83–85An0–1, respectively 
(Fig. 18). Riitalampi MME and Viininperä monzodiorite have alkali feldspar with Ab14–
17Or80–85An0–2 and Ab11–15Or83–86An0–1, respectively (Fig. 18). Overlapping between the 
alkali feldspar compositions can be observed between different intrusions as well as the 
associated mafic rocks.  
 
 
 
 
Figure 18. Compositions of alkali feldspar compositions from Riitalampi, Viininperä, and southern 
Korloppinen intrusions (Appendix 2) plotted on ternary feldspar (albite–orthoclase–anorthite) composition 
diagrams of which the anorthite corner has been cropped off. Abbreviations: MME = mafic microgranular 
enclave, maf = opx-bearing monzodiorite. 
 
 
Plagioclase compositions are presented here as end-member compositions on ternary 
feldspar diagram (Fig. 19). Detailed plagioclase compositions of each measurement are 
listed in Appendix 3. Plagioclase range in composition from oligoclase to andesine in 
Riitalampi (Ab66–83Or1An16–33) and Viininperä (Ab63–74Or1An21–35) intrusions as well as 
in the southern Korloppinen (Ab69–70Or1–2An28–29) intrusion (Fig. 19). Slightly higher, but 
among each other overlapping, anorthite contents were measured for plagioclase in 
Riitalampi MME and Viininperä monzodiorite: Ab51–60Or0–1An40–48 and Ab56–57Or1An42–
43, respectively (Fig. 19). 
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Figure 19. Compositions of plagioclase grains from Riitalampi, Viininperä, and southern Korloppinen 
intrusions (Appendix 3) plotted on ternary feldspar (albite–orthoclase–anorthite) composition diagrams of 
which the orthoclase corner has been cropped off. Abbreviations are: MME = mafic microgranular enclave, 
maf = opx-bearing monzodiorite. 
 
 
8.2 Biotite 
 
Compositions of the measured biotite grains are presented here in AlIV versus Fe/(Fe+Mg) 
diagram (Deer et al. 1966, Fig. 20) and the detailed compositions are listed in Appendix 
4. Biotites of the Riitalampi samples have quite restricted Fe/(Fe+Mg) ratios between 
0.84 and 0.86, whereas biotites of the Viininperä samples have lower values and wider 
range between 0.73 and 0.82 (Fig. 20). The Viininperä biotites with higher Fe/(Fe+Mg) 
ratios are from syenogranitic marginal assemblage sample EPHE-2015-380.1 and biotites 
with lower Fe/(Fe+Mg) ratios are from monzogranite sample ASM$-2012-47.2. 
Korloppinen sample and Viininperä monzodiorite have biotites with similar Fe/(Fe+Mg) 
ratios, 0.74 and 0.72–0.74, respectively, with the biotites of the Viininperä monzogranite 
(Fig. 20). Biotites of the Riitalampi MME have lower Fe/(Fe+Mg) ratios (0.54–0.60) than 
the biotites of the other samples. The Fe/(Fe+Mg) ratios of the biotites in Riitalampi, 
Viininperä and Korloppinen samples as well as Viininperä monzodiorite are similar to 
those of the previously studied biotites of the postkinematic granitoid rocks of the CFGC 
(Fig. 20). However, with the exception of biotites of Riitalampi MME, AlIV contents 
(2.27–2.55) of the studied rocks tend to be higher than in the biotites of previously studied 
postkinematic rocks. Biotite of the Riitalampi MME has similar AlIV contents (2.25–2.39) 
with the postkinematic rocks, but are characterized by lower Fe/(Fe+Mg) ratios. All of 
the biotites analyzed in this study have annitic compositional affinity. 
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Figure 20. Compositions of measured biotite grains from Riitalampi, Viininperä, and southern Korloppinen 
intrusions (Appedix 4) on AlIV versus Fe/(Fe+Mg) diagram (Deer et al. 1966). The fields for biotite 
compositions from different types of CFGC postkinematic rocks are from Elliott et al. (1998). Abbreviations: 
MME = mafic microgranular enclave, maf = opx-bearing monzodiorite. 
 
 
8.3 Amphibole 
 
End-member compositions of the measured amphibole grains are presented in 
Mg/(Mg+Fe2+) versus Si in formula diagram (Leake et al. 1978) in Fig. 21 and the 
respective analyzed data can be found in Appendix 5. The analyzed amphiboles are 
hastingsitic to mildly ferro-edenitic in the classification of Leake et al. (1997). One 
amphibole of the Korloppinen sample yielded composition that is transitional between 
hastingsitic and magnesiohastingsitic. Compositions of the amphiboles of the Riitalampi 
and Viininperä samples are similar and they generally plot in the postkinematic field with 
similar Mg# [100´Mg/(Mg+Fe2+)] of 16–27 and 23–26, respectively (Fig. 21). In 
comparison with amphiboles of Riitalampi and Viininperä, amphiboles of the 
Korloppinen sample and Viininperä monzodiorite have relatively higher Mg# of 33–46 
and 37–50, respectively (Fig. 21). In addition, Korloppinen amphiboles have less Si in 
their formula compared to the amphiboles of the other samples of this study (Fig. 21). 
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Figure 21. Compositions of amphibole grains from Riitalampi, Viininperä, and southern Korloppinen 
intrusions (Appendix 5) on Mg/(Mg+Fe2+) diagram of Leake et al. (1978). The amphibole compositions of 
CFGC postkinematic rocks are from Elliott et al. (1998). Abbreviations: MME = mafic microgranular enclave, 
maf = opx-bearing monzodiorite. 
 
8.4 Pyroxene 
 
The measured pyroxene compositions (Appendix 6) are shown in a ternary plot with 
ferrosilite, enstatite, and wollastonite as end-members (Fig. 22). Compositions of 
orthopyroxenes of Viininperä monzodiorite (Fs70–71En26–27Wo3) and Korloppinen 
(Fs71En26–27Wo2) sample fall close to the compositions of previously analyzed pyroxenes 
of the Type 3 postkinematic rocks (Fig. 22). The Mg# of the orthopyroxenes of the 
Viininperä monzodiorite and Korloppinen sample are similar and range between 27–29 
and 27–28, respectively. Compared to clinopyroxene of the previously studied Type 3 
postkinematc rocks, clinopyroxenes of Riitalampi MME (Fs18–25En35–37Wo38–47) and 
Viininperä monzodiorite (Fs37En22Wo41) are compositionally closer to diopside, i.e. they 
are relatively enriched in Mg (Fig. 22). Clinopyroxene of the Riitalampi MME has Mg# 
in the range of 59–67, whereas clinopyroxene of the Viininperä monzodiorite has Mg# of 
38.  
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Figure 22. Measured pyroxene compositions (Appendix 6) on a simplified end-member composition diagram 
for pyroxenes (Deer et al. 1966). The end-member compositions are Mg2Si2O6 (enstatite), Fe2Si2O6 
(ferrosilite), FeCaSi2O6 (hedenbergite), and MgCaSi2O6 (diopside). The pyroxene compositions of the Type 
3 postkinematic rocks of the CFGC have been drawn after Elliott et al. (1998). Abbreviations: MME = mafic 
microgranular enclave, maf = opx-bearing monzodiorite. 
 
 
 
9. WHOLE-ROCK GEOCHEMISTRY 
 
The results of the whole-rock geochemical analyzes of this study (Appendix 7) and the 
geochemical data of the synkinematic and Type 1, 2, 3a, and 3b postkinematic rocks 
(Nironen et al. 2000) are presented in SiO2 vs. major element oxide (Fig. 23a–f), trace 
element (Fig. 23g–j), Na2O+K2O (Fig. 23k), and FeO*/MgO (Fig. 23l) diagrams. The 
REE contents of the studied intrusions normalized to chondritic values (Boynton 1984) 
are presented in Figs. 24 and 25. Petrogenetic (Whalen et al. 1987, Frost et al. 2001) and 
tectonic discrimination (Pearce et al. 1984) diagrams for the granitoids are shown in Fig. 
26.  
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9.1 Riitalampi intrusion and related mafic rocks 
 
9.1.1 Major element composition of Riitalampi intrusion 
Riitalampi rocks range in SiO2 from 58.8–65.5 wt% (Fig. 23). Nearly all of the samples 
are metaluminous with A/CNK of 0.93–0.99 with the exception of sample ASM$-2012-
362.1, which is marginally peraluminous with A/CNK of 1.01. Rocks of Riitalampi 
intrusion and synkinematic suite have similar Al2O3 contents (Fig. 23a). Total alkali 
contents (Na2O + K2O) range between 7.9–9.1 wt% with slightly increasing trend with 
increasing silica contents (Fig. 23k). Na2O (Fig. 23e) is present in similar contents as in 
the synkinematic rocks, whereas the K2O contents (Fig. 23f) are higher in Riitalampi 
rocks. MgO contents (Fig. 23c) are lower and FeO* contents (Fig. 23b) slightly higher 
than in synkinematic granitoids and lead to higher FeO*/MgO ratios (Fig. 23l) of 
Riitalampi rocks. Decreasing trend with increasing SiO2 contents can be recognized for 
the FeO* contents of the Riitalampi rocks, but MgO contents do not show a clear trend 
(Figs. 23b–c). CaO contents show similar decreasing trend, but at lower values (Fig. 23d). 
 
9.1.2 Trace element composition of Riitalampi intrusion 
Ba (Fig. 23g) and Zr (Fig. 23j) contents of Riitalampi rocks are strongly enriched 
compared to the synkinematic rocks. The most mafic quartz monzonite sample, ASM$-
2012-390.1, has a high Rb value, with no comparable compositions at similar SiO2 
contents of either synkinematic or postkinematic rocks, but other samples have similar 
contents with synkinematic rocks (Fig. 23h). Sr contents of Riitalampi rocks are relatively 
lower than those of the synkinematic rocks at similar SiO2 contents (Fig. 23i). Rb/Ba and 
Rb/Sr ratios of the Riitalampi rocks are 0.02–0.08 and 0.21–0.58, respectively. The 
Riitalampi rocks have relatively high LREE contents with (La/Yb)N  ratio ranging from 
6.2 to 10.2 (Figs. 24a and b). There is no clear correlation between LREE enrichment and 
SiO2 contents of the samples. Some of the samples have negative (Eu/Eu* < 1.0) and 
some positive (Eu/Eu* > 1.0) Eu anomalies with Eu/Eu* ranging between 0.68 and 1.27 
(Figs. 24a and b).  
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9.1.3 Mafic rocks related to Riitalampi intrusion 
SiO2 contents of the mafic rocks related to Riitalampi intrusion, i.e. Poikaraiskansuo 
diorite and the MME are 49.9–55.5 wt% (Fig 23a). The mafic rocks are geochemically 
similar with each other, with the exception of Al2O3, which is enriched in Poikaraiskansuo 
diorite compared to the MME (Fig. 23a). Compared to the Riitalampi quartz monzonites 
the mafic rocks are enriched in FeO* (Fig. 23b), MgO (Fig. 23c), CaO (Fig. 23d), and Sr 
(Fig. 23i), whereas K2O (Fig. 23f), Ba (Fig. 23g), Rb (Fig. 23h) and Zr (Fig. 23j) are 
relatively depleted in the mafic rocks. REE patterns of Poikaraiskansuo diorite and MME 
are similar with REE patterns of the Riitalampi quartz monzonites, although the absolute 
abundances of REEs are generally lower in the related mafic rocks (Fig. 24b). 
 
9.2 Viininperä intrusion and related rocks 
 
9.2.1 Major element composition of Viininperä intrusion 
SiO2 content, of Viininperä quartz monzonites, varies between 59.3–63.0 wt% and the 
syenogranitic marginal assemblage (EPHE-2015-380.1) has the highest content of 65.7 
wt% (Fig. 23). Quartz monzonites are metaluminous with A/CNK of 0.94–0.98 and the 
syenogranite is marginally peraluminous with A/CNK of 1.00. Al2O3 (Fig. 23a), and 
Na2O (Fig. 23e) contents are similar with synkinematic rocks. FeO* (Fig. 23b) and K2O 
(Fig. 23f) contents of Viininperä intrusion are generally higher and MgO (Fig. 23c) and 
CaO (Fig. 23d) contents lower than in the synkinematic rocks at given SiO2 contents. An 
exception to this is the monzogranite sample EPHE-2012-47.2, which has similar FeO* 
(Fig. 23b) and CaO (Fig. 23d) contents with the synkinematic rocks.  
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Figure 23. Harker diagrams of Al2O3, FeO* (FeO + 0.8998Fe2O3), MgO, CaO, Na2O, and K2O with diagrams 
of Ba, Rb, Sr, Zr, Na2O + K2O, and FeO*/MgO versus SiO2. The fields of different types of postkinematic 
rocks and synkinematic rocks (grey field) have been drawn after Nironen et al. (2000). Abbreviations in 
legend are as follows: MME = mafic microgranular enclave, maf = opx-bearing monzodiorite. 
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Figure 24. For distinctiveness, REE contents of Riitalampi quartz monzonites have been splitted on diagrams 
a) and b). Riitalampi MME (mafic microgranular enclave), and Poikaraiskansuo diorite are shown on diagram 
b). REE contents of the samples have been normalized to chondritic composition (Boynton 1984).  
 
 
9.2.2 Trace element composition of Viininperä intrusion 
Compared to the synkinematic rocks, Viininperä intrusion has higher Ba (Fig 23g) and 
Zr (Fig. 23j) contents and lower Sr contents (Fig. 23i). Rb contents (Fig. 23h) of the 
Viininperä intrusion are similar with the synkinematic rocks. All of the Viininperä rocks 
have LREE contents that are elevated compared to HREE contents, with (La/Yb)N ratios 
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ranging from 6.7 to 12.8 (Fig. 25). The highest absolute contents are those of the 
monzogranite EPHE-2012-47.2 (Fig. 25). Quartz monzonites and syenogranite of the 
marginal assemblage have Eu/Eu* ratios of 1.0, whereas the monzogranite EPHE-2012-
47.2 has negative Eu anomaly, with Eu/Eu* of 0.6 (Fig. 25).  
 
9.2.3 Rocks related to Viininperä intrusion 
Monzodiorite sample EPHE-2012-47.1 has SiO2 content of 47.9 wt% (Fig. 23) and it is 
characterized by high FeO* (Fig. 23b) and CaO (Fig. 23d) and low Al2O3 (Fig. 23a), K2O 
(Fig. 23f) contents. REE contents of the monzodiorite are higher compared to Viininperä 
intrusion (Fig. 25). The monzodiorite has stronger negative Eu anomaly (Eu/Eu* = 0.7) 
and HREE depletion [(La/Yb)N = 8.3]  than rocks from Viininperä intrusion with the 
exception of monzogranite EPHE-2012-47.2. 
 
The Viininperä autolith has SiO2 content of 66.6 wt%, which is higher than in its host 
syenogranite (Fig. 23). The autolith is also characterized by higher K2O (Fig. 23f) as well 
as lower FeO (Fig. 23b) and Zr (Fig. 23j) compared to the postkinematic rocks of 
Viininperä. The granitoid dyke that crosscuts Viininperä syenogranite has SiO2 content 
of 62.9 wt% and it has higher K2O (Fig. 23f) and Rb contents, as well as lower Al2O3 
(Fig. 23a), Na2O (Fig. 23e), and Zr (Fig. 23j) contents than the postkinematic Viininperä 
rocks. REE pattern of the Viininperä autolith is similar to those of the postkinematic 
Viininperä rocks (Fig. 25). 
 
9.3 Korloppinen intrusions 
 
9.3.1 Southern intrusion of Korloppinen 
The sample EPHE-2013-355.1, which represents the southern intrusion of Korloppinen, 
has Al2O3 (Fig. 23a), FeO* (Fig. 23b), Na2O (Fig. 23e), and Ba (Fig. 23g) contents that 
are similar with the synkinematic rocks at a given SiO2 content. K2O (Fig. 23f), Rb (Fig. 
23h), and Zr (Fig. 23j) contents are higher and MgO (Fig. 23c), CaO (Fig. 23d), and Sr 
(Fig. 23i) contents lower than in the synkinematic rocks.  
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Figure 25. REE contents of Viininperä, Viininperä autolith, Viininperä Maf (opx-bearing monzodiorite), and 
Korloppinen samples have been normalized to chondritic composition (Boynton 1984). 
 
 
 
9.3.2 Northern intrusion of Korloppinen 
The northern intrusion of Korloppinen, represented by sample EPHE-2013-136.1, is 
characterized by similar contents of MgO (Fig. 23c), Na2O (Fig. 23e), K2O (Fig. 23f), Ba 
(Fig. 23g), and Rb (Fig. 23h) than the synkinematic rocks at given SiO2 content. Al2O3 
(Fig. 23a) and CaO (Fig. 23d) contents are lower and FeO* (Fig. 23b) and Zr (Fig. 23j) 
contents are higher than in the synkinematic rocks. The Al2O3 and FeO* contents are 
anomalously low and high, respectively, and no chemical equivalents exist at similar SiO2 
contents in the comparison data. 
 
LREE contents of the northern intrusion of Korloppinen are much higher than in the 
Riitalampi and Viininperä rocks (Figs. 24a-b and 25). The HREEs are relatively depleted 
compared to LREEs with (La/Yb)N ratio of 17.4 (Fig. 25). Negative Eu anomaly (Eu/Eu* 
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= 0.2) is much stronger than in Riitalampi and Viininperä rocks (Figs. 24a-b and 25) but 
comparable with some synkinematic and Type 2 postkinematic rocks. 
 
9.4 Classification diagrams 
 
9.4.1 Riitalampi intrusion 
In ferroan-magnesian diagram (Frost et al. 2001), the Riitalampi samples plot in the 
ferroan field (Fig. 26a). With the exception of clearly alkalic sample ASM$-2012-390.1, 
the samples are mildly alkalic to alkali-calcic (Fig. 26b). The samples plot in the A-type 
field in alphabetic classification diagrams (Whalen et al. 1987, Figs. 26c–d) and they 
show WPG to VAG (Fig. 26e) and WPG affinities (Fig. 26f) in tectonic discrimination 
diagrams (Pearce et al. 1984).  
 
9.4.2 Viininperä intrusion 
The Viininperä samples are ferroan (Fig. 26a) and alkali-calcic (Figs. 26b), and in 
alphabetic classification diagrams (Whalen et al. 1987) the Viininperä samples plot in the 
A-type granitoid field (Figs. 26c–d). Compared to the Riitalampi samples, the Viininperä 
samples have lower absolute abundances of Zr+Nb+Ce+Y at more restricted range (Fig. 
26c). In the tectonic discrimination diagrams (Pearce et al. 1984), the Viininperä samples 
plot in VAG (Fig. 26e) as well as in VAG + syncollision granite (syn-COLG) and WPG 
fields (Fig. 26f). 
 
9.4.3 Korloppinen intrusions 
Both of the Korloppinen samples are ferroan (Fig. 26a), but whereas sample EPHE-2013-
355.1 is mildly alkali (Fig. 26b), the more felsic sample EPHE-2013-136.1 is alkali-calcic 
(Fig. 26b). Both of the samples have A-type geochemical affinity (Figs. 26c–d) and in 
tectonic discrimination diagrams (Pearce et al. 1984) sample EPHE-2013-136.1 plots in 
the WPG field (Figs. 26e–f), whereas sample EPHE-2013–355.1 plots in WPG (Fig. 26e) 
and ocean ridge granite (ORG) fields (Fig 26f). 
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Figure 26. Compositions of Riitalampi, Viininperä, and Korloppinen samples plotted on selected geochemical 
classification diagrams. The FeO*/(FeO* + MgO), and K2O + Na2O – CaO versus SiO2 diagrams are from 
Frost et al. (2001). The FeO*/MgO, and (K2O + Na2O)/CaO versus SiO2 diagrams are from Whalen et al. 
(1987), and the fields on the diagrams are as follows: OGT = unfractionated I- S-, and M-type granitoids, FG 
= fractionated felsic granitoids, and unmarked field = A-type granitoids. The Rb versus Y + Nb, and Nb 
versus Y diagrams are from Pearce et al. (1984). The fields are as follows: ORG = ocean ridge granites, 
VAG = volcanic arc granites, WPG = within plate granites, syn-COLG = syncollision granites. 
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10. U-PB AGE DETERMINATION OF THE VIININPERÄ INTRUSION 
 
The dated quartz monzonite sample A2441 was collected nearby the northern 
syenogranite margin of Viininperä intrusion (Fig. 6). Zircons recovered from the sample 
are transparent to pale brown, mainly prismatic, and most of them have bipyramidal 
crystal faces (Fig. 27). The length of the zircon grains varies between 100–400 µm and 
their length to width ratios are between 2 and 5. The majority of the zircons show 
oscillatory zoning (Fig. 27), the remainder of the grains are homogeneous. No inherited 
cores were recognized from the back-scattered electron (BSE) images of ca. 80 zircons 
that were included in the analyses.  
 
 
 
Figure 27. a) Back-scattered electron (BSE) image of two representative zircon grains of Viininperä sample 
A2441 that were included in the U-Pb age analysis. Zircon grains with well-developed crystal faces were 
preferred in the analysis, whereas fractured zircons like the upper zircon in the image were avoided. b) BSE 
image of zircon grain from sample A2441 that shows magmatic oscillatory zoning.  
 
 
A total of 25 spots of 22 zircons were measured (Appendix 8), four of the measurements 
were discarded due to low 206Pb/204Pb ratios (544–5063). The 21 measurements included 
in the age calculations had 206Pb/204Pb ratios between 172786 and 930698 and U contents 
of 60–278 ppm. The age was calculated with 2s error limits, but without decay constant 
errors. The results were concordant (Fig. 28a) and weighted average 207Pb/206Pb age of 
1882 ± 3 Ma, with mean square of weighted deviates (MSWD) of 1.6, was yielded for 
Viininperä sample A2441 (Fig. 28b). 
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Figure 28. a) Concordia and b) weighted average 207Pb/206Pb age diagrams showing the results of single 
zircon U-Pb laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) measurements 
(Appendix 8).  
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11. DISCUSSION 
 
11.1 Petrographical and mineral chemical evidence of deformation and 
subsolidus processes 
 
Deformation and subsolidus processes may have a strong impact on mineral and whole-
rock composition of a plutonic igneous rock. Hence, it is important to identify the extent 
of such processes to evaluate their effects on geochemical data. Petrographical 
examination reveals that although Riitalampi, Viininperä, and Korloppinen intrusions 
postdate the main collisional event of Svecofennian orogeny and are weakly to non-
foliated on outcrop scale, they have been exposed to weak deformation. Thermometry 
utilizing compositions of coexisting alkali feldspar and plagioclase (Fig. 29) grains show 
that the compositions were affected by subsolidus re-equilibration reactions, which can 
be observed as myrmekite and perthite structures that are present in all of the studied 
intrusions. Hence, the compositions of the analyzed minerals, at least the feldspars, may 
not represent the initial magmatic compositions. The effects of subsolidus processes on 
the whole-rock geochemical compositions of the studied samples are difficult to evaluate 
precisely on the basis of petrography, but as there is no evidence of thorough secondary 
alteration of minerals, it is suggested that these effects were minor. However, the 
abundances of the most mobile elements (e.g. K, Rb, Ba, Sr) may have been affected. 
Since the deformational overprint, it is hard to evaluate the original crystallization 
sequence by mere petrographical examination. 
 
The most notable features that suggest weak deformation are undulatory extinction of 
minerals present in all of the intrusions, bent albite lamellae of plagioclase in many 
samples, and occasional recrystallization of quartz. Additionally, the wart-like or bulbous 
myrmekite rims around alkali feldspar phenocrysts is a feature that is typical to all studied 
intrusions (Figs. 13, 15, and 17). These myrmekite rims could be result of deformation in 
low to medium-grade metamorphism at 400–500°C, as observed in some augen gneisses 
(e.g. Phillips and Carr 1973, Simpson and Wintsch 1989, Passchier and Trouw 1998). In 
augen gneisses, the myrmekite is located systematically to the edges of alkali feldspar 
grains that are parallel to the groundmass foliation (Simpson and Wintsch 1989). 
However, no clear foliation of the groundmass or systematic distribution of myrmekite 
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around the alkali feldspars have been observed in the studied samples. In this case another 
possibility is, that the myrmekite rims are metasomatic in origin and formed in subsolidus 
conditions at temperature of < 500°C (e.g. Barker 1970, Ashworth 1972, Phillips 1974, 
Abart et al. 2014). Sericitization of plagioclase, as observed in the studied samples, 
releases Na and Ca, which could cause the local myrmekitic replacement of alkali feldspar 
(Barker 1970, Ashworth 1972). Both of the myrmekite producing processes are possible 
in the studied rocks and neither of the processes exclude the possibility of the other. 
 
All of the studied intrusions are characterized by perthitic alkali feldspar, which 
commonly forms when homogeneous magmatic alkali feldspar re-equilibrates in 
subsolidus conditions (Deer et al. 1966). Compositions of coexisting plagioclase and 
alkali feldspar can be used as thermometer (e.g. Barth 1951). Feldspar composition 
thermometer of Barth (1951) yielded rough equilibrium temperature estimations of ca. 
360–500°C, 350–500°C, and 500°C for feldspars from Riitalampi, Viininperä, and 
southern Korloppinen intrusion, respectively (Fig. 29). These temperatures are 
comparable with equilibrium temperature estimations for feldspar compositions of 
previously studied postkinematic rocks of the CFGC (380–650°C) and suggest that 
feldspar compositions have been re-equilibrated in subsolidus conditions (Elliott et al. 
1998). 
 
Water activity of a magma can be evaluated by examining sequence in which water-
bearing and dry minerals were crystallized (Wones 1981, Clemens et al. 1986). In dry 
granitic magma, the water activity may initially be too low for water-bearing mafic 
silicates, e.g. biotite and hornblende, to crystallize, but as water-deficient minerals, e.g. 
feldspars and quartz, start to crystallize, water activity of the residual melt eventually 
reaches a point where water-bearing minerals are able to precipitate (Wones 1981).  In 
the studied rocks, biotite and hornblende are present mainly as interstitial grains between 
feldspars implicating late saturation of water from initially dry magma. However, as there 
is the deformational overprint on the structure of the studied intrusions, the interstitial 
nature of the mafic silicates might also be the result of differences in the competence of 
the minerals during compressional deformation. The latter interpretation could implicate 
ductile compressional deformation after the mafic silicates were formed. 
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Figure 29. Average compositions of coexisting alkali feldspar and plagioclase grains from Riitalampi, 
Viininperä, and southern intrusion of Korloppinen plotted on feldspar thermometer of Barth (1951). 
 
 
 
11.2 Classification of the studied intrusions according to mineralogy and 
geochemistry 
 
Mineral assemblage and geochemical composition of an igneous rock is strongly 
controlled by magma source and petrogenetic processes, hence changes in these can be 
used in identification of different magmatic suites. In the CFGC, the 1.88–1.87 Ga 
postkinematic non-foliated A-type granitoids and the 1.89–1.88 Ga synkinematic foliated 
I-type granitoids have been identified by their different mineral assemblages and 
geochemical compositions (Huhma 1986, Front and Nurmi 1987, Elliott et al. 1998 
Nironen et al. 2000). These were used to recognize the different types of postkinematic 
granitoids (Type 1, Type 2, Type 3a, and Type 3b) in the CFGC (Elliott et al. 1998, 
Nironen et al. 2000). Riitalampi and Viininperä intrusions have mineralogical (Tables 1 
and 3) as well as geochemical affinities (Fig. 23) to the Type 3a postkinematic suite 
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(Elliott et al. 1998, Nironen et al. 2000). The Riitalampi intrusion is characterized by 
generally higher Fe/Mg ratio (mafic silicates and whole-rock) as well as higher Na2O + 
K2O, Ba, and Zr contents than in the Viininperä intrusion.  
 
Presence of pyroxenes in the intrusions of the Korloppinen locality tell them apart from 
the other intrusions of this study (Table 3). The Korloppinen intrusions have 
mineralogical and geochemical affinity to the Type 3 postkinematic suite (Elliott et al. 
1998, Nironen et al. 2000), but division between the Types 3a and 3b would require a 
larger set of data. Geochemically, the southern intrusion of the Korloppinen locality 
resemble those of Riitalampi and Viininperä, save for having lower Ba contents. The 
northern Korloppinen intrusion has lower Al2O3, K2O, Ba, and Sr as well as higher FeO* 
and REE contents than Riitalampi and Viininperä rocks. 
 
 
Table 3. Typical rock types and mineralogical features of intrusions of Riitalampi, Viininperä, and 
Korloppinen localitites. 
  Riitalampi Viininperä Korloppinen south Korloppinen north 
n 11 5 1 1 
Rock type quartz monzonite quartz monzonite and syenogranite 
opx-bearing quartz 
monzonite monzogranite 
Main mafic 
silicates 
biotite and 
hornblende 
biotite and 
hornblende 
biotite, hornblende, 
and orthopyroxene 
biotite, hornblende, 
and clinopyroxene 
Typical 
accessory 
minerals 
zircon, apatite, 
ilmenite ± titanite 
± allanite ± 
monazite 
zircon, apatite, 
ilmenite ± titanite ± 
allanite ± monazite 
zircon, apatite, 
titanite, allanite, 
clinopyroxene, 
oxides 
zircon, apatite, 
allanite, and oxides 
 
 
Riitalampi, Viininperä, and Korloppinen granitoids are weakly to non-foliated and hence 
easily distinguishable from the foliated synkinematic rocks of the CFGC. 
Geochronological examination of Riitalampi and Viininperä intrusions, 1879 ± 4 Ma 
(Hannu Huhma personal communication 2015) and 1882 ± 3 Ma, respectively, shows 
that they were formed in the early stages of postkinematic magmatism. Geochemically, 
the Riitalampi, Viininperä, and southern Korloppinen intrusions differ from the 
synkinematic rocks by their higher FeO*/MgO ratio, higher total alkali, K2O, and Zr 
contents, as well as lower MgO, CaO, and Sr contents (Fig. 23).  
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Mineralogical differences between the different types of the postkinematic rocks of the 
CFGC have been well established (e.g. Elliott et al. 1998, Nironen et al. 2000) and can 
be compared to the Riitalampi, Viininperä, and Korloppinen intrusions. Ubiquitous and 
abundant hornblende separate the studied intrusions mineralogically from Type 1 
postkinematic rocks, which have biotite as the only mafic silicate (Elliott et al. 1998). 
Mafic silicate assemblage of Type 2 postkinematic rocks is usually dominated by biotite, 
but minor hornblende-dominated rocks exist (Elliott et al. 1998). However, fluorite is a 
characteristic accessory mineral in Type 2 postkinematic rocks (Elliott et al. 1998, 
Nironen et al. 2000), whereas it is absent in the studied intrusions. Riitalampi and 
Viininperä intrusions have the closest mineralogical resemblance with the Type 3a 
postkinematic rocks, particularly the biotite and hornblende-bearing, pyroxene-poor 
assemblages (cf. Elliott et al. 1998). The pyroxene-bearing monzogranite sample EPHE-
2012-47.2 of Viininperä is mineralogically similar to the pyroxene-bearing Type 3a 
marginal assemblage. The southern intrusion of Korloppinen is opx-bearing biotite-
hornblende quartz monzonite and resembles mineralogically Type 3a and 3b 
postkinematic rocks. 
 
Biotites from the Viininperä and Korloppinen intrusions have similar Fe/(Fe+Mg) ratios, 
whereas biotites from the Riitalampi intrusion are characterized by higher Fe/(Fe+Mg) 
ratios. The Fe/(Fe+Mg) ratios of the measured biotites are in the same range with biotites 
from the previously studied postkinematic rocks of the CFGC, but they are characterized 
by relatively higher AlIV contents (Fig. 20). At least three possible reasons for high AlIV 
contents in biotites have been recognized: composition (low SiO2 and MgO with high 
FeO contents), high temperature, and low pressure (e.g. Liese 1963, Deer et al. 1966, p. 
212). As the FeO and MgO contents of the biotites from the studied rocks are similar to 
those of the previously studied postkinematic rocks (Fig. 20), the cause for the higher 
AlIV is proposed to be either higher temperature or lower pressure during crystallization. 
 
Type 1 and 2 postkinematic rocks described from the CFGC (Elliott et al. 1998, Nironen 
et al. 2000) differ, not only mineralogically, but also geochemically from the Riitalampi 
and Viininperä intrusions in having lower contents of K2O (Fig. 23 f), Ba (Fig. 23g), Zr 
(Fig. 23j), and total alkalis (Fig. 23k) as well as higher Rb contents (Fig. 23 h), and lower 
FeO*/MgO ratio (Fig. 23l); although some overlapping exists, especially regarding 
Viininperä. Most of the Riitalampi and Viininperä samples plot in the field of Type 3a 
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postkinematic rocks. Only the Viininperä monzogranite sample (EPHE-2012-47.2), 
which is the most mafic rock of the locality, has geochemical composition that plots in 
the Type 3b postkinematic field rather than the Type 3a field. 
 
Due to geochemically anomalous nature and limited amount of samples, the intrusions of 
the Korloppinen locality are more difficult to classify than the Riitalampi and Viininperä 
rocks. The opx-bearing quartz monzonite sample EPHE-2013-355.1 from the southern 
intrusion of Korloppinen is geochemically similar with the Viininperä monzogranite 
(EPHE-2012-47.2) and plots in the field of Type 3b postkinematic granites (Fig. 23). The 
northern intrusion of Korloppinen, represented by monzogranite sample EPHE-2013-
136.1, has anomalously high FeO and anomalously low Al2O3 contents (Figs. 23a–b) 
compared to the synkinematic and postkinematic rocks of the CFGC at given SiO2 content 
(Fig. 23). This sample is also characterized by strong negative Eu anomaly (Fig. 25), 
which could indicate feldspar fractionation during crystallization of the magma or restitic 
feldspar during the melting of the source. Both processes would also promote the 
observed relative depletion in CaO (Fig. 23d), Na2O (Fig. 23e), K2O (Fig. 23f), Al2O3 
(Fig. 23a), Ba (Fig. 23g), Sr (Fig. 23i), and Eu (Fig. 25) contents due to strong 
compatibility of these components in feldspars. 
 
11.3 Source and magmatic evolution constraints based on whole-rock 
geochemistry 
 
Petrogenesis of the postkinematic rocks of the CFGC have been previously studied 
utilizing isotopes and geochemical modeling (Rämö et al. 2001, Elliott 2003). In these 
studies, it was proposed that postkinematic magmatism was generated by partial melting 
of mantle-derived basalts that were mixed with anatectic melts of mafic granulitic crust 
in high pressure of ca. 16 kbar (Elliott 2003, Fig. 30). Emphasis was that compositional 
differences between the postkinematic types resulted from variable thickness of the crust 
at different parts of the CFGC, which affected the degree of partial melting of the basalts 
as well as the crust (Elliott 2003). The mainly A-type geochemistry and mainly WPG to 
VAG tectonic affinity of Riitalampi, Viininperä, and Korloppinen intrusions (Figs. 26a–
f) can be explained with this petrogenetic model previously proposed for the 
postkinematic rocks.  
68 
 
 
Figure 30. A sketch of petrogenesis of postkinematic intrusions of Central Finland Granitoid Complex 
(CFGC) based on Rämö et al. (2001) and Elliott (2003). Mantle-derived basalt (dark gray with crosses) 
partially melts (solid arrows) producing parental melt of CFGC postkinematic granitoids (dark red). This melt 
is then mixed with anatectic melts (stippled arrows) of the crust (light red) in high pressure. 
 
 
11.3.1 Source of the studied intrusions 
Riitalampi, Viininperä, and Korloppinen locality rocks are geochemically ferroan, 
metaluminous to peraluminous, and alkalic to alkali-calcic (Fig. 26a–b). These 
geochemical features have been identified for A-type granitoids that were formed by 
partial melting of mantle-derived basalts in relatively high pressure (Frost and Frost 2011 
and references therein). However, if Riitalampi, Viininperä, and Korloppinen intrusions 
were formed purely by partial melting of mantle-derived basalts, it would be expected 
that they would plot in the WPG field in the tectonic classification diagrams (Pearce et 
al. 1984). Instead, Riitalampi and Viininperä rocks plot in the WPG, VAG, and VAG + 
syn-COLG fields (Figs. 26e–f). Possible reasons for a WPG setting type granitoid to show 
VAG (+ syn-COLG) affinity include plagioclase accumulation and crustal contamination 
(Pearce et al. 1984). Due to lack of evidence that plagioclase accumulation had significant 
effect on these compositions (e.g. consistently positive Eu anomalies with the samples 
that plot in the VAG field is not observed), contamination by partial melts from deep 
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crustal source is considered here more likely to explain shifting of Riitalampi and 
Viininperä samples towards the VAG (+ syn-COLG) field. The Korloppinen rocks have 
lower Nb and higher Y contents than Riitalampi and Viininperä rocks and they plot in 
WPG field in Nb + Y versus Rb diagram (Fig. 26e). Y has high partition coefficient in 
allanite (Ewart and Griffin 1994), which is abundant and present as up to 2 mm grains in 
both Korloppinen samples. Sample EPHE-2013-355.1 for the southern intrusion of 
Korloppinen has relatively low Nb contents and plots in ORG field in Nb versus Y 
diagram (Fig. 26). Relatively low Nb contents might result from accumulation of alkali 
feldspar, as this sample is characterized by large alkali feldspar grains up to 5 cm in 
diameter, and relative depletion of mafic silicates and oxides, which are the main hosts 
for Nb in granitoids (Ewart and Griffin 1994).  
 
In this study, the possible crustal assimilant is tentatively evaluated with whole-rock 
geochemical features observed in Riitalampi, and Viininperä intrusions, as well as in 
southern intrusion of Korloppinen locality. Geochemically, the studied intrusions have 
most of the features of a typical A-type granitoid, except for their high concentrations of 
trace elements compatible in feldspars (Ba, Sr, Eu) and high Al2O3 contents (e.g. Loiselle 
and Wones 1979). Melting experiments of hornblende-bearing granitoids at low and high 
pressures have shown that pressure controls the residual mineral assemblage in 
incongruent melting. Dehydration melting of hornblende at low pressure (<4 kbar) 
produces orthopyroxene and plagioclase as residual phases, whereas in high pressure (>8 
kbar) clinopyroxene becomes the dominant residual phase (Patiño Douce 1997). At low 
pressures the produced melt has composition typical to A-type granites as crystallizing 
plagioclase depletes the melt from Al2O3, CaO, Na2O, Sr, and Eu. The amount of residual 
plagioclase decreases with increasing pressure, leading into relatively enriched Al2O3, 
CaO, Na2O, Sr, and Eu contents of the partial melts (Patiño Douce 1997). Increasing 
pressure also leads to progressively lower, often magnesian, FeO/MgO ratios and higher 
SiO2 (> 70 wt%) contents (Patiño Douce 1997, Frost et al. 2001). Hence, a possibility is 
that relatively high Ba, Sr, Eu, and Al2O3 contents of the Riitalampi, Viininperä, and 
southern Korloppinen intrusion resulted from mixing of partial melts from mantle-
derived basalts and a deep crustal source. Similar mixing has been proposed for the other 
postkinematic intrusions of the CFGC (Elliott 2003). 
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11.3.2 Magmatic evolution of the Riitalampi intrusion 
Riitalampi samples have relatively coherent REE patterns, with the exception of Eu 
contents. The three samples (ASM$-2012-392.1, ASM$-2014-413.1, EPHE-2012-91.1) 
that show minor negative Eu anomalies (Fig. 24a-b) are located in north–south direction 
at the mid-parts of the intrusion (Fig. 6). Rocks from the northern and southern parts of 
Riitalampi intrusion are characterized by slightly positive Eu anomalies (Fig. 24a-b). The 
slightly positive Eu anomalies could be result from limited accumulation of early 
crystallized feldspars in the southern and northern parts of the intrusion and, as the 
crystallization continued towards the center parts of the intrusion, the residual magma 
was depleted in Eu. 
 
11.3.3 Magmatic evolution of the Viininperä intrusion 
Viininperä samples, with the exception of monzodiorite (EPHE-2012-47.1) and 
monzogranite (EPHE-2012-47.2), have coherent REE patterns with no pronounced Eu 
anomalies (Fig. 25), implying restricted mineral fractionation during crystallization of 
Viininperä intrusion. The monzodiorite and monzogranite have similar REE patterns 
themselves, but clearly higher absolute REE abundances and more negative Eu anomalies 
than the other Viininperä rocks (Fig. 25). Weaker negative Eu anomalies would be 
expected for more mafic rocks in cogenetic magma series, as Eu would be incorporated 
in early crystallized plagioclase, leaving the magma residue depleted in Eu. In addition 
to differences in REE contents, monzodiorite and monzogranite are characterized by 
relatively Mg-rich mafic minerals (Figs. 20 and 21) and plagioclase with higher An-
contents (Fig. 19) compared to the rest of the Viininperä rocks. Hence, it is suggested that 
the monzodiorite and monzogranite are cogenetic together, but not with the rest of the 
Viininperä rocks. Viininperä monzodiorite has similar whole-rock composition (Fig. 23) 
and REE pattern (Fig. 25) with postkinematic gabbros of the CFGC (Nironen et al. 2000, 
Mikkola et al. 2016). Many of these gabbros are located adjacent to the postkinematic 
granitoid intrusions (Nironen et al. 2000).  
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11.4 Coeval mafic-felsic magmatism of the Riitalampi and Viininperä 
intrusions 
 
Continuous input of mafic magmas occurred during crystallization of the Riitalampi 
intrusion. The feldspar xenocrysts found in MMEs show that mafic magmatism initiated 
at the latest when the Riitalampi intrusion was partly crystallized. Synplutonic dyking in 
the northern parts of the Riitalampi intrusion indicates that mafic input continued until 
the intrusion was nearly solid. In the case of Viininperä intrusion, MME are found only 
inside marginal syenogranite, hence coeval mafic-felsic magmatism probably took place, 
when quartz monzonite was already completely or nearly solid and only the syenogranite 
remained in magmatic stage. Syenogranite was partly crystallized when the mafic 
magmas were injected, as inferred from the feldspar xenocrysts in many of the MME. 
 
11.4.1 Coeval mafic-felsic magmatism of the Riitalampi intrusion 
The abundant and widespread dioritic MME and the dioritic synplutonic dyke in the 
northern margin of the Riitalampi intrusion (Fig. 8) show that mafic magma intruded into 
the Riitalampi intrusion when it was in magmatic stage. It is likely that synplutonic dykes 
form when mafic magma intrudes into early fractures of nearly crystalline felsic host 
magma, whereas less crystalline and less viscous felsic host magma is able to fragment 
the mafic magma into MME (e.g. Fernandez and Barbarin 1991; Fig. 2). Coexistence of 
synplutonic dyke and the MME may have resulted from either one mafic pulse into the 
more felsic host that was locally more crystallized, or by two or more mafic pulses that 
intruded the felsic host at different stages of crystallization. As xenocryst-bearing MME 
exist adjacent to xenocryst-free synplutonic dyke, it is suggested that at least two pulses 
of mafic magma were injected into Riitalampi intrusion at different stages of 
crystallization.  
 
The small grain size of the MME suggest high nucleation rate due to rapid cooling of the 
mafic magma against cooler host magma. The mafic magma probably intruded the partly 
crystalline felsic magma of Riitalampi when at least some alkali feldspar and plagioclase 
had crystallized as these minerals were incorporated into some the MME as xenocrysts 
(Fig. 31). The xenocryst-free MME either crystallized fast enough to prevent the 
entrainment of the xenocryst from the host magma or they entrained the host before it 
was in crystalline stage (Fig. 31). As the euhedral and subhedral feldspar xenocrysts in 
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MME were entrained by mechanical mingling of the two magmas, the poikilitic alkali 
feldspar (Fig. 14b) and quartz grains possibly crystallized as a result from chemical 
exchanges between the host rock and the MME (e.g. Barbarin and Didier 1991, Hibbard 
1991).  
 
11.4.2 Least-square approximation model of mafic and felsic magma mingling in the 
Riitalampi intrusion 
A simplistic numerical model, based on least-squares approximation with MAGFRAC 
program (Morris 1984), is used to demonstrate that mingling and chemical exchange 
between MME and Riitalampi quartz monzonite took place when these magmas were in 
partly solid state. As the initial composition of the mafic component is unknown, a 
xenocryst-free MME is used as the best estimate of the composition. The samples chosen 
for the model are xenocryst-bearing MME (ASM$-2013-224.2; Fig. 8b) and quartz 
monzonite (ASM$-2013-224.1; Fig. 7b), which are from same locality near the northern 
margin of the intrusion, whereas the xenocryst-free MME (PIM$-2012-88.2) is from an 
outcrop located ca. 2.5 km southeast from the outcrop of the other samples (Fig. 6). Least-
square modeling evaluates whether whole-rock composition of the xenocryst-bearing 
MME can be produced by mixing whole-rock composition of the xenocryst-free MME 
with major mineral compositions of the quartz monzonite. The geochemical data used in 
the model are from the results of this study (Appendices 2, 3, and 7).  
 
Different mineral combinations were used to evaluate which minerals were involved in 
the mingling and the best fit is presented in Table 4. The best result with r2 = 0.121, was 
achieved by mixing 78.7% of xenocryst-free MME, with 6.9% of alkali feldspar, 10.7% 
of plagioclase, and 2.7% of quartz from the host rock (Table 4). Models with mafic 
silicates, i.e. biotite ± hornblende, included yielded lower r2 values with similar 
proportions for felsic minerals, but with negative proportions for mafic silicates (not 
presented here). The meaning of these results are discussed in the evaluation. 
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Figure 31. A schematic illustration of coeval mafic-felsic magmatism in Riitalampi intrusion. a) Some of the 
alkali feldspar, plagioclase, and quartz crystals of partially crystallized quartz monzonite magma are 
captured by blobs of mafic magma. Chemical exchange pursues compositional equilibrium between the 
magmas. b) Some of the mafic blobs are crystallized fast enough to prevent crystal entrainment from the 
quartz monzonite. Faster crystallization of the mafic magma also limits the extent of chemical exchange, 
leaving composition of these blobs relatively unchanged. c) As mafic magma intrudes the partially crystalline 
Riitalampi intrusion, the felsic magma splits it into blobs. These mafic blobs are then crystallized as mafic 
microgranular enclaves (MME). 
 
 
Table 4. MAGFRAC least-squares approximation sheet (Morris 1984) showing measured whole-rock 
compositions of mingled MME (ASM$-2013-224.2) and xenocryst-free MME (PIM$-2012-88.2), measured 
alkali feldspar (Afs) and plagioclase (Plg) compositions from quartz-monzonite (ASM$-2013-224.1), and 
quartz (Qtz) as pure SiO2. The relative proportions for MME, Afs, Plg, and Qtz are those that yield lowest r2 
value for calculated composition of mingled MME. The r value is the calculated difference between the 
measured and calculated compositions of the mingled MME. 
  ASM$-2013-224.2 PIM$-2012-88.1 ASM$-2013-224.1 ASM$-2013-224.2     
  Mingled MME MME Afs Plg Qtz Calculated r r2 
SiO2 55.5 53.0 63.0 58.6 100.0 55.5 0.000 0.000 
TiO2 1.1 1.4 0.02 0.02 0.0 1.1 -0.017 0.000 
Al2O3 16.4 15.7 18.0 25.1 0.0 16.4 -0.025 0.001 
FeO* 8.4 10.8 0.03 0.02 0.0 8.6 -0.172 0.029 
MnO 0.1 0.2 0.0 0.0 0.0 0.2 -0.059 0.003 
MgO 4.1 4.9 0.0 0.0 0.0 3.9 0.213 0.045 
CaO 7.4 8.1 0.0 7.4 0.0 7.2 0.181 0.033 
Na2O 3.3 3.1 0.9 8.1 0.0 3.4 -0.086 0.007 
K2O 2.5 1.7 15.7 0.1 0.0 2.5 0.034 0.001 
P2O5 0.3 0.4 0.00 0.0 0.0 0.3 -0.017 0.000 
Total 99.1 99.3 97.62 99.27 100.0  Sum r2 0.121 
Proportion 78.7 6.9 10.7 2.7    
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11.4.3 Evaluation of the mingling model 
The numerical model of mingling suggests that at least alkali feldspar, plagioclase and 
quartz were incorporated into the MME from the host quartz monzonite. However, the 
best fit was achieved with small negative proportions of biotite and hornblende, which 
would mean removal of these minerals from the MME. MgO and FeO are absent in alkali 
feldspar, plagioclase and quartz, whereas they are incorporated in the mafic silicates 
Chemical exchange would pursue chemical equilibration between the magmas, hence 
promoting removal of MgO, FeO, and CaO from the MME as well as addition of SiO2 
and K2O to the MME (e.g. Debon 1991, Orsini et al. 1991). Hence the negative 
proportions modelled for biotite and hornblende from the MME can be explained by 
chemical diffusion between the MME and the quartz monzonite.  
 
The model yields calculated mingled MME compositions that differ from the measured 
compositions in the scale of first or second decimal for any of the major element oxides, 
it is probably still too simplified to fully explain the interaction between the magmas. For 
instance, as the model is restricted to the measured major mineral compositions of quartz 
monzonite, it neglects possible introduction of accessory minerals in the MME. Apatite 
and ilmenite are especially important minerals when evaluating changes in P2O5 as well 
as FeO, TiO2, and MnO contents, respectively. The model also fails to take into account 
the probable chemical exchanges between the magmas as SiO2 is the only pure oxide 
phase included in the model. In addition, as discussed before, the composition of the 
measured alkali feldspar has been re-equilibrated in subsolidus condition and hence it 
does not fully represent the magmatic composition of the alkali feldspars that were 
transported from quartz monzonite in to the MME. Another factor creating more 
uncertainty to the model is that as there was no data available of xenocryst-free MME at 
the same outcrop with xenocryst-bearing MME, an assumption was made that the MME, 
located ca. 2.5 km apart from each other are cogenetic. Even with all the simplifications, 
the model yields a geochemically close fit with the measured compositions and the result 
is consistent with the petrographical examinations. 
 
Geochemically, the Riitalampi MME are similar with Poikaraiskansuo diorite (Figs. 23 
and 24), which invokes the possibility that the diorite and quartz diorite intrusions 
flanking northern and western margins of Riitalampi intrusion might represent magmas 
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from same host with the MME. However, without field observations of contacts between 
diorites and Riitalampi quartz monzonite and only one whole-rock geochemical analysis 
of the diorite (Poikaraiskansuo), it is not in the vicinity of this study to establish close 
genetic linkage between MME and the diorite intrusions. Nevertheless, the available data 
support the idea. 
 
11.4.4 Coeval mafi-felsic magmatism of the Viininperä intrusion 
In the Viininperä intrusion two types of enclaves, MME and autoliths, are abundant in 
the marginal syenogranite at the northern rim of the intrusion (Figs. 6 and 10). Based on 
available outcrop data, the enclaves are absent at the other parts of the intrusion and hence 
it is implied that the mafic magmas intruded the Viininperä intrusion at a stage when the 
more mafic quartz monzonite had already crystallized or that the mafic input was spatially 
restricted to the northern rim of the intrusion. The syenogranite was partly crystalline at 
the time of the mafic input as alkali feldspar and plagioclase xenocrysts, as well as 
feldspar and quartz-bearing microxenoliths of the syenogranite are abundant in the MME.  
 
Petrographic and geochemical investigation revealed that many of the Viininperä 
enclaves are mineralogically similar and more felsic than their host syenogranite. Similar 
autoliths have generally been interpreted as chilled margins that were remobilized by the 
residual magma (Bonin 1991, Didier 1991, Didier and Barbarin 1991). The Viininperä 
autoliths are found only near the margins of the intrusion, which is in line with chilled 
margin interpretation.  
 
12. CONCLUSIONS 
 
1) New non-foliated postkinematic intrusions were found at Riitalampi, Viininperä, and 
Korloppinen localities. The intrusions are texturally different from the more dominant 
foliated synkinematic granitoid suite of the CFGC. 
 
2) Composition of the studied intrusions varies between quartz monzonite, monzogranite, 
and syenogranite with distinct texture of subhedral to ovoid alkali feldspar phenocrysts 
mantled by recrystallized plagioclase ± quartz. The main mafic silicates of Riitalampi and 
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Viininperä intrusions are biotite and hornblende, whereas intrusions of Korloppinen 
locality also contain pyroxene. 
 
3) Although the intrusions are likely to be postkinematic with respect to the main 
collisional stage of Svecofennian orogeny, petrographical investigation reveals weak 
deformation at temperature of less than 500°. 
 
4) Riitalampi and Viininperä intrusions have been dated at 1879 ± 4 Ma and 1882 ± 3 
Ma, respectively, and they were likely formed in extensional or transtensional tectonic 
regime in the studied part of the CFGC. 
 
5) Geochemically, the studied intrusions show distinct A-type affinity, similar to the 
previously described Type 3 postkinematic rocks. Further, more detail geochemical 
division of Riitalampi and Viininperä rocks can be made to Type 3a postkinematic group. 
This geochemical division is supported by mineralogical observations. 
 
6) Geochemically, the studied intrusions are closely similar to those A-type granites that 
are formed by partial melting of basaltic mantle-derived source. However, the subtle 
geochemical differences between the studied rocks and typical A-type granitoids can 
result from deep crustal contamination. 
 
7) Coeval mafic-felsic magmatism has been identified in the Riitalampi and Viininperä 
intrusions. In Riitalampi, mafic magmas were continuously injected into the intrusion 
during crystallization, whereas in the Viininperä intrusion the mafic magmatism was 
spatially and temporally restricted to the crystallization of the marginal syenogranite. At 
both localities, interaction of the coeval mafic and felsic magmas was restricted to 
mingling and minor chemical exchanges, whereas thorough mixing was prohibited. 
 
8) Least-square approximation modeling of mafic and felsic magma interaction between 
the Riitalampi quartz monzonite and diorite MME confirm magma mingling as a salient 
process in the CFGC. 
 
 
 
77 
 
13. ACKNOWLEDGEMENTS 
 
I want to thank my supervisors Esa Heilimo and Tapani Rämö, whose enthusiasm and 
expertise in the field as well as in the office greatly improved the contents of this study. I 
also want to address my thankfulness to Geological Survey of Finland for providing field 
observation data and the thin sections and to Labtium Ltd for the whole-rock geochemical 
data. Radek Michallik’s and Pasi Heikkilä’s instructions with microprobe are greatly 
appreciated. I’m also very pleased that I got to be involved in the whole process related 
to U-Pb analysis of zircons with LA-ICP-MS, with Hannu Huhma, Hugh O’Brien, and 
Maria Vuorio. Last but not least I want to thank members of Team Punsi and Milla 
Aaltonen for keeping me motivated from the beginning to the end. 
 
14. REFERENCES 
 
Abart, R., Heuser, D. and Habler, G. 2014. Mechanisms of myrmekite formation: case study 
from the Weinsberg granite, Moldanubian zone, Upper Austria. Contributions to 
Mineralogy and Petrology 168, 1–15. 
Anderson, A.T. 1976. Magma mixing: petrological process and volcanological tool. Journal 
of Volcanology and Geothermal Research 1, 3–33. 
Ashworth, J.R. 1972. Myrmekites of exsolution and replacement origins. Geological 
Magazine 109, 45–62. 
Barbarin, B. 1999. A review of the relationship between granitoid types, their origins and their 
geodynamic environments. Lithos 46, 605–626. 
Barbarin, B. 2005. Mafic magmatic enclaves and mafic rocks associated with some granitoids 
of the central Sierra Nevada batholith, California: nature, origin, and relations with the 
hosts. Lithos 80, 155–177. 
Barbarin, B. and Didier, J. 1991. Macroscopic features of mafic microgranular enclaves. In: 
Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, Amsterdam, 
253–262. 
Barker, D.S. 1970. Compositions of Granophyre, Myrmekite, and Graphic Granite. Geological 
Society of America Bulletin 81, 3339–3350. 
Belousova, E.A., Griffin, W.L. and O’Reilly, S.Y. 2006. Zircon crystal morphology, trace 
element signatures and Hf isotope composition as a tool for petrogenetic modeling: 
examples from Eastern Australian granitoids. Journal of Petrology 47, 329–353. 
Bonin, B. 1991. The enclaves of alkaline anorogenic granites: an overview. In: Didier, J. and 
Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, Amsterdam, 179–189. 
Bonin, B. 2007. A-type granites and related rocks: Evolution of a concept, problems and 
prospects. Lithos 97, 1–29. 
Bonin, B., Bébien, J. and Masson, P. 2002. Granite: A Planetary Point of View. Gondwana 
Research 5, 261–273. 
78 
Boynton, W.V. 1984. Geochemistry of the rare earth elements: meteorite studies. In: 
Henderson, P. (Ed.), Rare Element Geochemistry. Elsevier, Amsterdam, 63–114. 
Chappell, B.W., Bryant, C.J. and Wyborn D. 2012. Peraluminous I-type granites. Lithos 153, 
142–153. 
Chappell, B.W. and White, A.J.R. 1974. Two contrasting granite types. Pacific Geology 8, 
173–174. 
Chappell, B.W. and White, A.J.R. 1992. I- and S-type granites in the Lachlan Fold Belt. Earth 
Sciences 82, 1–26.  
Chappell, B.W. and White, A.J.R. 2001. Two contrasting granite types: 25 years later. 
Australian Journal of Earth Sciences 48, 489–499. 
Clemens, J.D. 1998. Observations on the origins and ascent mechanisms of granitic magmas. 
Journal of the Geological Society 155, 843–851. 
Clemens, J.D., Holloway, J.R., and White, A.J.R. 1986. Origin of an A-type granite: 
Experimental constraints. American Mineralogist 71, 317–324. 
Clemens, J.D., Stevens, G. and Farina, F. 2011. The enigmatic sources of I-type granites: The 
peritectic connexion. Lithos 126, 174–181. 
Clemens, J.D. and Stevens, G. 2012. What controls chemical variation in granitic magmas? 
Lithos 134–135, 317–329. 
Collins, W.J., Beams, S.D., White, A.J.R. and Chappell, B.W. 1982. Nature and Origin of A-
Type Granites with Particular Reference to Southeastern Australia. Contributions to 
Mineralogy and Petrology 80, 189–200. 
Debon, F. 1991. Comparative major element chemistry in various “microgranular enclace–
plutonic host” pairs. In: Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. 
Elsevier, Amsterdam, 293–312. 
Deer, W.A., Howie, R.A. and Zussman, J. 1966. An Introduction to the Rock-forming 
Minerals. Longman Group Ltd., London, 528 p. 
DePaolo, D.J. 1981. Trace element and isotopic effects of combined wallrock assimilation and 
fractional crystallization. Earth and Planetary Science Letters 53, 189–202. 
Didier, J. 1991. The main types of enclaves in the Hercynian granitoids of the Massif Central, 
France. In: Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, 
Amsterdam, 47–61. 
Didier, J. and Barbarin, B. 1991. The different types of enclaves in granites – Nomenclature. 
In: Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, 
Amsterdam, 19–23. 
Eby, G.N. 1990. The A-type granitoids: A review of their occurrence and chemical 
characteristics and speculations on their petrogenesis. Lithos 26, 115–134. 
Elliott, B.A., Rämö, O.T. and Nironen, M. 1998. Mineral chemistry constraints on the 
evolution of the 1.88–1.87 Ga post-kinematic granite plutons in the Central Finland 
Granitoid Complex. Lithos 45, 109–129. 
Elliott, B.A. 2003. Petrogenesis of the Post-kinematic Magmatism of the Central Finland 
Granitoid Complex II; Sources and Magmatic Evolution. Journal of Petrology 44, 1681–
1701. 
Ewart, A. and Griffin, W.L. 1994. Application of proton-microprobe data to trace-element 
partitioning in volcanic rocks. Chemical Geology 117, 251–284. 
Fernandez, A.N. and Barbarin, B. 1991. Relative rheology of coeval mafic and felsic magmas: 
Nature of resulting interaction processes. Shape and mineral fabrics of mafic microgranular 
encalves. In: Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, 
Amsterdam, 263–275. 
Front, K. and Nurmi, P.A. 1987. Characteristics and geological setting of synkinematic 
Svecokarelian granitoids in southern Finland. Precambrian Research, 35, 207–224. 
Frost, B.R. and Frost, C.D. 2008. A Geochemical Classification for Feldspathic Igneous 
Rocks. Journal of Petrology 49, 1955–1969. 
Frost, B.R., Barnes, C.G., Collins, W.J., Arculus, R.J., Ellis, D.J. and Frost, C.D. 2001. A 
Geochemical Classification for Granitic Rocks. Journal of Petrology 42, 2033–2048. 
79 
Frost, C.D. and Frost, B.R. 2011. On Ferroan (A-type) Granitoids: their Compositional 
Variability and Modes of Origin. Journal of Petrology 52, 39–53. 
Furman, T. and Spera, F.J. 1985. Co-Mingling of acid and basic magma with implications for 
the origin of mafic I-type xenoliths: field and petrochemical relations of an unusual dike 
complex at Eagle Lake, Sequoia National Park, California, U.S.A. Journal of Volcanology 
and Geothermal Research 24, 151–178. 
Harris, N.B.W., Pearce, J.A. and Tindle, A.G. 1986. Geochemical characteristics of collision-
zone magmatism. In: Shackleton, R.M., Ries, A.C., and Coward, M.P. (Eds.), Collision 
Tectonics. Geological Society Special Publication 19, 67–81. 
Hibbard, M.J. 1991. Textural anatomy of twelve magma-mixed granitoid systems. In: Didier, 
J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. Elsevier, Amsterdam, 431–464. 
Huhma, H. 1986. Sm-Nd, U-Pb and Pb-Pb isotopic evidence for the origin of the Early 
Proterozoic Svecokarelian crust in Finland. Geological Survey of Finland, Bulletin 337, 48 
p. 
Huhma, H., Mänttäri, I., Peltonen, P., Kontinen, A., Halkoaho, T., Hanski, E., Hokkanen, T., 
Hölttä, P., Juopperi, H., Konnunaho, J., Layahe, Y., Luukkonen, E., Pietikäinen, K., 
Pulkkinen, A., Sorjonen-Ward, P., Vaasjoki, M. and Whitehouse, M. 2012. The age of the 
Archean greenstone belts in Finland. Geological Survey of Finland, Special Paper 54, 74–
175. 
Janoušek, V., Farrow, C. and Erban, V. 2006. Interpretation of whole-rock geochemical data 
in igneous geochemistry: introducing Geochemical Data Toolkit (GCDkit). Journal of 
Petrology 47, 1255–1259. 
Kilpatrick, J.A. and Ellis, D.J. 1992. C-type magmas: igneous charnockites and their extrusive 
equivalents. Transactions of the Royal Society of Edinburgh: Earth Sciences 83, 155–164. 
Korja, A., Korja, T., Luosto, U. and Heikkinen, P. 1993. Seismic and geoelectric evidence for 
collisional and extensional events in the Fennoscandian Shield – implications for 
Precambrian crustal evolution. Tectonophysics 219, 129–152. 
Korja, A., Lahtinen, R., Heikkinen, P., Kukkonen, I.T. and FIRE Working Group 2006. A 
geological interpretation of the upper crust along FIRE 1. In: Kukkonen, I. T. and Lahtinen, 
R. (Eds.), Finnish Reflection Experiment 2001–2005. Geological Survey of Finland, 
Special Paper 43, 45–76. 
Kukkonen, I.T., Kuusisto, M., Lehtonen, M. and Peltonen, P. 2008. Delamination of 
eclogitized lower crust: Control on the crust-mantle boundary in the central Fennoscandian 
shield. Tectonophysics 457, 111–127. 
Kurhila, M., Andersen, T. and Rämö, O.T. 2010. Diverse sources of crustal granitic magma: 
Lu-Hf isotope data on zircon in three Paleoproterozoic leucogranites of southern Finland. 
Lithos 115, 263–271. 
Kähkönen, Y. 1989. Geochemistry and petrology of the metavolcanic rocks of the early 
Proterozoic Tampere Schist Belt, southern Finland. Geological Survey of Finland, Bulletin 
345, 104 p. 
Labtium Ltd, Sample preparation and analytical methods, site visited 03.27.2017. 
http://www.labtium.fi/images/Ladattavat-
tiedostot/Labtium_Sample_preparation_and_analytical_methods.pdf 
Lahtinen, R. 1994. Crustal evolution of the Svecofennian and Karelian domains during 2.1–
1.79 Ga, with special emphasis on the geochemistry and origin of 1.93–1.91 Ga gneissic 
tonalities and associated supracrustal rocks in the Rautalampi area, central Finland. 
Geological Survey of Finland, Bulletin 378, 128 p. 
Lahtinen, R., Korja, A. and Nironen, M. 2005. Paleoproterozoic tectonic evolution. In: 
Lehtinen, M., Nurmi, P.A. and Rämö, O.T., Precambrian Geology of Finland – Key to the 
Evolution of the Fennoscandian Shield. Elsevier B. V., Amsterdam, 481–532. 
Leake, B.E., Woolley, A.R., Arps, C.E.S., Birch, W.D., Gilbert, M.C., Grice, J.D., Hawthorne, 
F.C., Kato, A., Kisch, H.J., Krivovichev, V.G., Linthout, K., Laird, J., Mandarino, J.A., 
Maresch, W.V., Nickel, E.H., Rock, N.M.S., Schumacher, J.S., Smith, D.C., Stephenson, 
N.C.N., Ungaretti, L. Whittaker, E.J.W. and Youzhi, G. 1997. Nomenclature of 
amphiboles: report of the subcommittee on amphiboles of the international mineralogical 
80 
association commission on new minerals and mineral names. The Canadian Mineralogist 
35, 219–246. 
Le Maitre, R.W. 1989. A classification of igneous rocks and glossary of terms. Blackwell 
Scientific, Oxford, 193 p. 
Liese, H.C. 1963. Tetrahedrally coordinated aluminum in some natural biotites: An infrared 
absorption analysis. The American Mineralogist 48, 980–990. 
Loiselle, M.C. and Wones, D.R. 1979. Characteristics and origin of anorogenic granites. 
Geological Society of America, Abstracts with Programs 11, 468. 
Ludwig, K.R. 2003. User’s manual for Isoplot/Ex, Version 3.00. A geochronological toolkit 
for Microsoft Excel. Berkeley Geochronology Center Special Publication 4, 74 p. 
Marsh, B.D. 1982. On the mechanics of igneous diapirism, stoping, and zone melting. 
American Journal of Science 282, 808–855. 
Martin, H., Smithies, R.H., Rapp, R., Moyen, J.-F. and Champion, D. 2005. An overview on 
adakite, tonalite–trondhjemite–granodiorite (TTG), and sanukitoid: relationships and some 
implications for crustal evolution. Lithos 79, 1–24. 
Mikkola, P., Heilimo, E., Aatos, S., Ahven, M., Eskelinen, J., Halonen, S., Hartikainen, A., 
Kallio, V., Kousa, J., Luukas, J., Makkonen, H., Mönkäre, K., Niemi, S., Nousiainen, M., 
Romu, I. and Solismaa, S. 2016. Summary: Bedrock of the Jyväskylä area. Geological 
Survey of Finland, Report of Investigation 227, 113 p. 
Morris, P.A. 1984. MAGFRAC: a basic program for least-squares approximation of fractional 
crystallization. Computers and Geosciences 10, 437–444. 
Müller, W., Shelley, M., Miller, P. and Broude, S. 2009. Initial performance metrics of a new 
custom-designed ArF excimer LA-ICPMS system coupled to a two-volume laser-ablation 
cell. Journal of Analytical Atomic Spectrometry 24, 209–214. 
Nironen, M. 1997. The Svecofennian Orogen: a tectonic model. Precambrian Research 86, 
21–44. 
Nironen, M. 2003. Summary: Central Finland Granitoid Complex – Explanation to a map. 
Geological Survey of Finland, Report of Investigation 157, 45 p. 
Nironen, M. 2005. Proterozoic orogenic granitoid rocks. In: Lehtinen, M., Nurmi, P. A. and 
Rämö, O.T. (Eds.), Precambrian Geology of Finland – Key to the Evolution of the 
Fennoscandian Shield. Elsevier B. V., Amsterdam, 443–480. 
Nironen, M., Elliott, B.A. and Rämö, O.T. 2000. 1.88–1.87 Ga post-kinematic intrusions of 
the Central Finland Granitoid Complex: a shift from C-type to A-type magmatism during 
lithospheric convergence. Lithos 53, 37–58.  
O’Hara, M.J. 1977. Geochemical evolution during fractional crystallization of a periodically 
refilled magma chamber. Nature 266, 503–507. 
Orsini, J.B., Cocirta, C. and Zorpi, M. J. 1991. Genesis of mafic microgranular enclaves 
through differentiation of basic magmas, mingling and chemical exchanges with their host 
granitoid magmas. In: Didier, J. and Barbarin, B. (Eds.), Enclaves and Granite Petrology. 
Elsevier, Amsterdam, 445–464. 
Passchier, C.W. and Trouw, R.A.J. 1998. Microtectonics. Springer-Verlag, Berlin, 289 p. 
Pearce, J.A., Harris, N.B.W. and Tindle, A.G. 1984. Trace Element Discrimination Diagrams 
for the Tectonic Interpretation of Granitic Rocks. Journal of Petrology 25, 956–983. 
Phillips, E.R. 1974. Myrmekite – one hundred years later. Lithos 7, 181–194. 
Phillips, E.R. and Carr, G. R. 1973. Myrmekite associated with alkali feldspar megacrysts in 
felsic rocks from New South Wales. Lithos 6, 245–260. 
Pouchou, J.L. and Pichoir, F. 1984. A new model for quantitative X-ray microanalysis. La 
Recherche Aerospatiale 3, 167–192. 
Rasilainen, K., Lahtinen, R. and Bornhorst, T. J. 2007. The Rock Geochemical Database of 
Finland Manual. Geological Survey of Finland, Report of Investigation 164, 38 p. 
Reid, J.B., Jr., Evans, O.C. and Fates, D.G. 1983. Magma mixing in granitic rocks of the 
central Sierra Nevada, California. Earth and Planetary Science Letters 66, 243–261. 
Rollinson, H.R. 1993. Using Geochemical Data: Evaluation, Presentation, Interpretation. 
Longman, Singapore, 352 p. 
81 
Ryan, M.P. 1994. Neutral Buoyancy and the Structure of Mid-Ocean Ridge Magma 
Reservoirs. Journal of Geophysical Research 98, 22321–22328. 
Rämö, O.T. and Haapala, I. 1995. One hundred years of Rapakivi Granite. Mineralogy and 
Petrology 52, 129–185.  
Rämö, O.T., Vaasjoki, M., Mänttäri, I., Elliott, B.A. and Nironen, M. 2001. Petrogenesis of 
the Post-kinematic Magmatism of the Central Finland Granitoid Complex I; Radiogenic 
Isotope Constraints and Implication for Crustal Evolution. Journal of Petrology 42, 1971–
1993. 
Salonsaari, P.T. 1995. Hybridization in the subvolcanic Jaala-Iitti complex and its petrogenetic 
relation to rapakivi granites and associated mafic rocks of southeastern Finland. Geological 
Society of Finland, Bulletin 67, 104 p. 
Simpson, C. and Wintsch, R.P. 1989. Evidence for deformation-induced K-feldspar 
replacement by myrmekite. Journal of Metamorphic Geology 7, 261–275. 
Streckeisen, A.L. 1976. To each plutonic rock its proper name. Earth Science Reviews 12, 1–
33. 
Stevens, G., Villaros, A. and Moyen, J-F. 2007. Selective peritectic garnet entrainment as the 
origin of geochemical diversity in S-type granites. Geology 35, 9–12. 
Vaasjoki, M. 1996. Explanation to the geochronological map of southern Finland: The 
development of the continental crust with special reference to the Svecofennian Orogeny. 
Geological Survey of Finland, Report of Investigation 135, 30p. 
Van Achterbergh, E., Ryan, C., Jackson, S. and Griffin, W. 2001. Data reduction software for 
LA-ICP-MS. In: Sylvester, P.J. (Ed.), Laser-Ablation ICPMS in the Earth Sciences: 
Principals and Applications. St John, Newfoundland, 239–243. 
Vernon, R.H. 2004. A practical guide to rock microstructure. Cambridge University Press, 
Cambridge, 594 p. 
Vigneresse, J.L. 2007. The role of discontinuous magma inputs in felsic magma and ore 
generation. Ore Geology Reviews 30, 181–216. 
Wedepohl, K.H. 1991. Chemical composition and fractionation of the continental crust. 
Geochimica et Cosmochimica Acta 59, 1217–1232. 
Whalen, J.B., Currie, K.L. and Chappell, B.W. 1987. A-type granites: geochemical 
characteristics, discrimination and petrogenesis. Contributions to Mineralogy and 
Petrology 95, 407–419. 
White, A.J.R. 1979. Sources of granitic magmas. Geological Society of America, Abstracts 
with Programs 11, 539. 
White, A.J.R., Chappell, B.W. and Wyborn, D. 1999. Application of the restite model to the 
Deddick Granodiorite and its enclaves: a re-interpretation of the observations and data of 
Maas et al. (1998). Journal of Petrology 40, 413–421. 
Wones, D. R. 1981. Mafic Silicates as Indicators of Intensive Variables in Granitic Magmas. 
Mining Geology 31, 191–212. 
 
APPENDICES 
 
Appendix 1. Standards that were used in electron probe micro analyses for each element and mineral. 
Element Alkali feldspar Plagioclase Biotite Hornblende Pyroxenes 
Si Albite Albite Diopside Diopside Diopside 
Ti Rutile1 Rutile1 Rutile1 Rutile1 Rutile1 
Al Plagioclase 
(An65) 
Plagioclase 
(An65) 
Plagioclase 
(An65) 
Plagioclase 
(An65) 
Plagioclase 
(An65) 
Fe Hematite Hematite Hematite Hematite Hematite 
Mn Rhodonite Rhodonite Rhodonite Rhodonite Rhodonite 
Mg Periclase1 Periclase1 Periclase1 Diopside Diopside 
Ca Plagioclase 
(An65) 
Plagioclase 
(An65) 
Plagioclase 
(An65) 
Diopside Diopside 
Na Albite Albite Albite Albite Albite 
K Sanidine Sanidine Biotite Sanidine - 
F - - Fluorite1 Fluorite1 - 
Ba Barite Barite - Barite - 
Cl - - Tugtupite Tugtupite - 
Cr - - Chromium 
oxide1 
Chromium 
oxide1 
Chromium 
oxide1 
Cu - - Cuprite1 Cuprite1 Cuprite1 
Sr Celestite Celestite - Celestite - 
V - - Vanadium1 Vanadium1 Vanadium1 
1Synthetic standard     
 
 
  
Appendix 2. Compositions, cation proportions, and end-member compositions of single alkali feldspar grains measured with electron probe micro analyzer. 
Intrusion Riitalampi Viininperä Korloppinen Riitalampi MME Viininperä maf 
Label ASM$-2013-224.1 ASM$-2013-206.1 EPHE-2015-380.1 EPHE-2012-47.2 EPHE-2013-355.1 ASM$-2013-224.2 EPHE-2012-47.1 
n 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
SiO2     62.95 63.09 64.50 64.30 63.56 62.00 64.55 65.22 65.37 65.00 64.97 62.86 63.37 63.31 64.58 63.22 64.07 64.24 
TiO2     0.00 0.04 0.00 0.04 0.00 0.08 0.09 0.05 0.00 0.00 0.09 0.04 0.11 0.13 0.03 0.05 0.03 0.02 
Al2O3    18.08 18.10 18.66 18.68 18.74 17.93 18.22 18.28 18.17 18.83 18.92 18.60 19.06 19.01 18.94 18.12 18.37 18.48 
Fe2O3    0.01 0.07 0.01 0.01 0.01 0.04 0.02 0.05 0.06 0.01 0.04 0.04 0.08 0.05 0.08 0.01 0.08 0.02 
MgO      0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.02 
CaO      0.00 0.01 0.05 0.12 0.09 0.05 0.09 0.03 0.05 0.07 0.10 0.10 0.34 0.28 0.02 0.08 0.07 0.12 
SrO      0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.13 
BaO      0.66 0.63 0.91 0.66 0.74 0.65 0.33 0.38 0.65 0.20 0.30 0.45 0.66 0.61 0.56 0.70 1.04 1.11 
Na2O     0.78 0.97 1.52 1.83 1.61 0.79 1.79 1.86 0.89 1.76 1.52 1.66 1.74 1.55 1.51 1.52 1.51 1.19 
K2O      15.68 15.73 14.85 14.46 14.71 15.88 13.41 13.46 14.54 13.85 14.32 13.48 12.90 13.96 14.34 12.91 13.91 14.07 
Total 98.16 98.63 100.49 100.08 99.44 97.42 98.48 99.31 99.78 99.72 100.25 97.20 98.24 98.90 100.04 96.61 99.08 99.36 
                   
Si       2.98 2.98 2.98 2.97 2.96 2.97 3.00 3.01 3.02 2.99 2.98 2.97 2.96 2.95 2.98 3.00 2.99 2.99 
Ti       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Al 1.01 1.01 1.02 1.02 1.03 1.02 1.00 0.99 0.99 1.02 1.02 1.04 1.05 1.05 1.03 1.01 1.01 1.01 
Fe3+     0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca       0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0.00 0.00 0.00 0.01 
Na       0.07 0.09 0.14 0.16 0.15 0.15 0.16 0.17 0.08 0.16 0.14 0.15 0.16 0.14 0.14 0.14 0.14 0.11 
K        0.95 0.95 0.87 0.85 0.88 0.86 0.80 0.79 0.86 0.81 0.84 0.81 0.77 0.83 0.84 0.78 0.83 0.84 
Ba       0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 
Sr       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sum (cat) 5.01 5.02 5.00 5.01 5.02 5.02 4.97 4.96 4.94 4.98 4.99 4.98 4.96 4.99 4.99 4.94 4.97 4.95 
                   
Ab 6.96 8.44 13.22 15.82 14.00 6.94 16.66 17.12 8.40 16.17 13.73 15.52 16.54 14.08 13.64 14.95 13.81 11.06 
An 0.01 0.02 0.22 0.56 0.41 0.22 0.44 0.13 0.24 0.34 0.52 0.48 1.76 1.39 0.07 0.45 0.35 0.60 
Or 91.85 90.42 84.96 82.47 84.28 91.70 82.27 82.05 90.01 83.12 85.21 83.16 80.44 83.42 85.28 83.21 83.88 85.91 
Cn 1.18 1.12 1.60 1.15 1.31 1.15 0.62 0.70 1.22 0.37 0.55 0.84 1.27 1.11 1.02 1.40 1.92 2.09 
  
Appendix 3. Compositions, cation proportions, and end-member compositions of single plagioclase grains measured with electron probe micro analyzer. 
Intrusion Riitalampi Viininperä Korloppinen Riitalampi MME Viininperä maf 
Label ASM$-2013-224.1 ASM$-2013-206.1 EPHE-2015-380.1 EPHE-2012-47.2 EPHE-2013-355.1 ASM$-2013-224.2 EPHE-2012-47.1 
n  3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
SiO2     58.80 58.17 62.71 60.64 59.27 58.94 59.47 58.70 60.80 58.61 57.94 60.06 58.98 59.15 55.59 57.00 55.65 55.61 56.38 54.84 
TiO2     0.02 0.01 0.06 0.04 0.02 0.09 0.03 0.00 0.00 0.01 0.09 0.03 0.00 0.07 0.03 0.00 0.12 0.04 0.03 0.00 
Al2O3    25.14 25.12 22.39 24.97 25.37 24.94 25.16 24.60 23.74 25.73 24.86 24.70 24.69 24.28 28.07 26.30 26.43 26.68 26.86 26.51 
Fe2O3    0.02 0.02 0.12 0.04 0.04 0.05 0.02 0.00 0.05 0.03 0.03 0.04 0.10 0.06 0.14 0.17 0.34 0.11 0.09 0.05 
MgO      0.00 0.00 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.03 0.00 0.02 0.01 
CaO      7.35 7.43 3.63 6.48 7.15 6.99 6.96 6.79 5.33 7.62 6.85 6.40 6.43 6.28 10.92 8.84 9.09 8.96 9.13 9.11 
SrO      0.00 0.01 0.00 0.00 0.08 0.01 0.00 0.06 0.00 0.05 0.07 0.00 0.00 0.04 0.03 0.00 0.00 0.08 0.00 0.07 
BaO      0.04 0.04 0.00 0.00 0.03 0.01 0.04 0.08 0.04 0.05 0.10 0.02 0.06 0.01 0.00 0.04 0.03 0.05 0.00 0.03 
Na2O     8.08 8.03 10.30 8.38 8.15 8.01 8.15 8.30 8.90 7.58 8.01 8.62 8.34 8.73 6.33 7.43 6.94 6.70 6.64 6.62 
K2O      0.10 0.15 0.13 0.16 0.18 0.19 0.13 0.25 0.17 0.23 0.28 0.30 0.35 0.28 0.11 0.08 0.17 0.21 0.21 0.22 
Total 99.55 98.96 99.34 100.69 100.27 99.23 99.94 98.76 99.01 99.88 98.21 100.16 98.94 98.87 101.21 99.85 98.77 98.43 99.33 97.44 
                     
Si       2.64 2.63 2.80 2.68 2.65 2.66 2.66 2.66 2.73 2.63 2.64 2.68 2.67 2.68 2.49 2.57 2.54 2.54 2.55 2.54 
Ti       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Al 1.33 1.34 1.18 1.30 1.34 1.32 1.33 1.31 1.26 1.36 1.34 1.30 1.32 1.29 1.48 1.40 1.42 1.44 1.43 1.45 
Fe3+     0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 
Mg       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca       0.35 0.36 0.17 0.31 0.34 0.34 0.33 0.33 0.26 0.37 0.33 0.31 0.31 0.30 0.52 0.43 0.45 0.44 0.44 0.45 
Na       0.70 0.71 0.89 0.72 0.71 0.70 0.71 0.73 0.77 0.66 0.71 0.75 0.73 0.77 0.55 0.65 0.61 0.59 0.58 0.59 
K        0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.00 0.01 0.01 0.01 0.01 
Ba       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sr       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sum (cat) 5.04 5.05 5.06 5.03 5.04 5.03 5.03 5.05 5.03 5.03 5.04 5.05 5.05 5.06 5.05 5.06 5.05 5.03 5.03 5.04 
                     
Ab 66.16 65.60 83.15 69.51 66.55 66.75 67.41 67.77 74.37 63.37 66.68 69.79 68.75 70.43 50.89 60.00 57.42 56.65 56.16 55.97 
An 33.23 33.53 16.20 29.65 32.27 32.17 31.84 30.65 24.61 35.20 31.50 28.64 29.27 28.00 48.49 39.50 41.62 41.89 42.69 42.59 
Or 0.55 0.80 0.66 0.85 0.96 1.03 0.69 1.31 0.95 1.24 1.49 1.55 1.87 1.48 0.55 0.43 0.91 1.18 1.15 1.21 
 Appendix 4. Compositions of single biotite grains measured with electron probe micro analyzer. 
Intrusion Riitalampi Viininperä Korloppinen Viininperä maf Riitalampi MME 
Sample ASM$-2013-224.1 ASM$-2013-206.1 EPHE-2015-380.1 EPHE-2012-47.2 EPHE-2013-355.1 EPHE-2012-47.1 ASM$-2013-224.2 
n 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
SiO2 31.42 32.34 32.29 33.09 32.69 33.06 32.76 32.89 32.74 33.13 33.27 32.49 34.44 34.73 33.51 33.42 32.90 35.21 35.60 34.72 
TiO2     2.28 2.48 2.57 3.36 2.70 3.13 3.84 2.91 2.90 2.46 3.11 1.81 3.74 3.82 4.36 4.57 4.30 3.54 4.36 3.92 
Al2O3    13.51 13.70 13.59 13.39 13.26 13.41 13.94 13.41 13.80 13.44 13.55 13.64 13.65 13.53 12.89 13.30 13.19 13.86 13.61 13.35 
Cr2O3    0.01 0.01 0.02 0.02 0.02 0.03 0.04 0.04 0.01 0.04 0.02 0.03 0.02 0.01 0.01 0.03 0.00 0.00 0.15 0.07 
FeO      32.10 33.13 30.94 32.94 31.06 31.99 30.72 30.56 30.35 28.50 28.74 28.47 29.68 29.98 27.90 28.93 27.33 24.15 23.26 20.86 
V2O3     0.00 0.14 0.00 0.10 0.00 0.00 0.02 0.03 0.00 0.00 0.10 0.03 0.07 0.31 0.28 0.04 0.00 0.28 0.35 0.15 
MnO      0.36 0.43 0.41 0.34 0.28 0.26 0.31 0.30 0.36 0.26 0.28 0.24 0.21 0.23 0.04 0.08 0.10 0.16 0.15 0.10 
MgO      3.19 3.65 3.04 3.11 3.07 3.53 3.86 4.62 4.45 6.00 5.60 5.51 5.94 6.03 5.87 5.85 5.98 8.96 9.40 10.00 
CaO      0.05 0.06 0.02 0.04 0.03 0.01 0.02 0.02 0.04 0.07 0.02 0.01 0.01 0.02 0.02 0.02 0.03 0.00 0.04 0.03 
Na2O     0.06 0.04 0.02 0.10 0.11 0.11 0.05 0.03 0.02 0.04 0.06 0.04 0.07 0.08 0.04 0.04 0.06 0.07 0.06 0.11 
K2O      8.80 8.81 9.41 9.37 9.27 9.53 9.61 9.15 9.67 9.44 9.38 9.01 7.65 7.62 9.41 9.65 10.01 7.67 7.66 7.10 
F        0.35 0.31 0.19 0.07 0.13 0.30 0.00 0.11 0.20 0.55 0.31 0.58 0.83 0.92 0.25 0.23 0.41 0.47 0.63 0.64 
Cl       0.09 0.11 0.12 0.09 0.05 0.04 0.07 0.09 0.07 0.16 0.17 0.11 0.24 0.29 0.30 0.20 0.17 0.11 0.14 0.14 
H2O 3.30 3.43 3.41 3.59 3.46 3.48 3.64 3.54 3.51 3.32 3.47 3.24 3.30 3.27 3.48 3.57 3.42 3.54 3.51 3.38 
Si       5.41 5.39 5.50 5.45 5.54 5.47 5.38 5.46 5.42 5.49 5.46 5.50 5.51 5.51 5.47 5.39 5.41 5.56 5.56 5.60 
Ti       0.30 0.31 0.33 0.42 0.35 0.39 0.47 0.36 0.36 0.31 0.38 0.23 0.45 0.46 0.53 0.55 0.53 0.42 0.51 0.48 
AlIV 2.59 2.61 2.51 2.55 2.46 2.53 2.62 2.54 2.58 2.52 2.54 2.50 2.49 2.49 2.48 2.53 2.55 2.44 2.44 2.40 
AlVI    0.15 0.08 0.22 0.05 0.19 0.08 0.08 0.09 0.12 0.11 0.09 0.23 0.08 0.04 0.00 0.00 0.00 0.15 0.06 0.14 
Fe2+     4.62 4.62 4.40 4.54 4.40 4.43 4.22 4.24 4.21 3.95 3.95 4.03 3.97 3.98 3.81 3.90 3.76 3.19 3.04 2.82 
Mn2+     0.05 0.06 0.06 0.05 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.03 0.03 0.03 0.01 0.01 0.01 0.02 0.02 0.01 
Mg       0.82 0.91 0.77 0.76 0.78 0.87 0.95 1.14 1.10 1.48 1.37 1.39 1.42 1.42 1.43 1.41 1.46 2.11 2.19 2.41 
Ca       0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 
Na       0.02 0.01 0.01 0.03 0.04 0.03 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.03 
K        1.93 1.87 2.04 1.97 2.01 2.01 2.01 1.94 2.04 1.99 1.97 1.95 1.56 1.54 1.96 1.98 2.10 1.55 1.52 1.46 
Cr       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 
V        0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.04 0.04 0.00 0.00 0.04 0.04 0.02 
F        0.19 0.16 0.10 0.04 0.07 0.16 0.00 0.05 0.10 0.29 0.16 0.31 0.42 0.46 0.13 0.12 0.21 0.24 0.31 0.33 
Cl       0.03 0.03 0.04 0.02 0.01 0.01 0.02 0.02 0.02 0.04 0.05 0.03 0.06 0.08 0.08 0.05 0.05 0.03 0.04 0.04 
OH 3.79 3.80 3.87 3.94 3.92 3.84 3.98 3.92 3.88 3.67 3.80 3.66 3.52 3.46 3.79 3.83 3.75 3.74 3.65 3.64 
Fe/(Fe+Mg) 0.85 0.84 0.85 0.86 0.85 0.84 0.82 0.79 0.79 0.73 0.74 0.74 0.74 0.74 0.73 0.74 0.72 0.60 0.58 0.54 
 
 
 Appendix 5. Compositions and cation proportions of single amphibole grains measured with electron probe micro analyzer. 
Intrusion Riitalampi Viininperä Korloppinen 
Sample ASM$-2013-224.1 ASM$-2013-206.1 EPHE-2015-380.1 EPHE-2012-47.2 EPHE-2013-355.1 
n   2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
SiO2     39.03 38.40 39.51 40.83 39.65 40.01 40.55 39.11 38.99 40.37 40.81 40.76 39.90 38.60 39.28 
TiO2     0.85 1.52 1.91 1.03 2.03 2.05 1.26 1.13 1.08 2.07 0.44 0.38 1.85 1.88 1.59 
Al2O3    10.54 9.18 9.35 8.56 9.15 9.15 8.48 9.48 9.54 9.10 9.27 8.47 9.64 9.86 10.25 
Cr2O3    0.04 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.04 0.01 0.03 0.00 0.02 0.00 
Fe2O3 4.83 5.07 5.12 8.84 7.79 6.43 7.30 3.87 7.25 5.35 10.08 17.16 18.96 21.36 14.41 
FeO 24.22 22.90 23.96 22.25 20.86 20.67 21.03 21.61 20.32 19.86 16.53 11.76 11.19 9.21 14.08 
MnO      0.59 0.57 0.60 0.56 0.34 0.32 0.56 0.46 0.57 0.34 0.52 0.68 0.48 0.49 0.46 
MgO      2.61 2.68 2.90 2.76 4.01 4.38 4.08 3.89 3.48 5.46 5.36 5.65 5.13 5.17 4.59 
CaO      10.96 10.05 10.51 9.97 9.85 10.00 10.38 10.12 9.73 10.30 10.09 8.82 7.87 7.70 8.47 
Na2O     1.50 1.47 1.66 1.56 1.81 1.73 1.52 1.68 1.71 1.68 1.30 1.29 1.73 1.55 1.71 
K2O      1.44 1.26 1.28 0.89 1.40 1.19 0.90 1.20 1.05 1.40 0.83 0.73 1.03 1.02 1.11 
F        0.43 0.48 0.28 0.19 0.21 0.48 0.08 0.21 0.00 0.21 0.32 0.42 0.60 0.40 0.48 
Cl       0.17 0.28 0.26 0.07 0.26 0.20 0.09 0.17 0.09 0.36 0.11 0.11 0.32 0.25 0.32 
H2O(c) 1.61 1.50 1.67 1.78 1.72 1.60 1.82 1.67 1.81 1.70 1.71 1.69 1.59 1.68 1.59 
O=F 0.18 0.20 0.12 0.08 0.09 0.21 0.03 0.09 0.00 0.09 0.14 0.18 0.25 0.17 0.20 
O=Cl 0.04 0.07 0.06 0.02 0.06 0.05 0.02 0.04 0.02 0.08 0.03 0.03 0.08 0.06 0.07 
Total 98.58 95.05 98.82 99.16 98.91 97.98 97.96 94.44 95.59 98.04 97.19 97.71 99.92 98.94 98.05 
Si       6.31 6.42 6.37 6.51 6.32 6.40 6.50 6.49 6.40 6.42 6.48 6.40 6.15 6.01 6.20 
Ti       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.10 0.19 0.00 
AlIV 1.69 1.58 1.63 1.49 1.67 1.60 1.50 1.51 1.60 1.58 1.52 1.54 1.75 1.81 1.80 
∑T	 8.00 8.00 8.00 8.00 7.99 8.00 8.00 8.00 8.00 8.00 8.00 7.99 8.00 8.00 8.00 
Ti       0.10 0.19 0.23 0.12 0.24 0.25 0.15 0.14 0.13 0.25 0.05 0.00 0.11 0.03 0.19 
AlVI    0.32 0.23 0.14 0.12 0.05 0.13 0.10 0.35 0.25 0.13 0.21 0.03 0.00 0.00 0.10 
Cr       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe3+ 0.59 0.64 0.62 1.06 0.93 0.77 0.88 0.48 0.90 0.64 1.20 2.03 2.20 2.50 1.71 
Fe2+     3.28 3.20 3.23 2.97 2.78 2.76 2.82 3.00 2.79 2.64 2.19 1.55 1.44 1.20 1.86 
Mn2+     0.08 0.08 0.08 0.08 0.05 0.04 0.08 0.06 0.08 0.05 0.07 0.09 0.06 0.06 0.06 
Mg       0.63 0.67 0.70 0.66 0.95 1.04 0.97 0.96 0.85 1.29 1.27 1.32 1.18 1.20 1.08 
∑C	 5.00 5.00 5.00 5.00 5.01 5.00 5.00 5.00 5.00 5.00 5.00 5.01 5.00 5.00 5.00 
Ca       1.90 1.80 1.81 1.70 1.68 1.71 1.78 1.80 1.71 1.76 1.72 1.49 1.30 1.28 1.43 
Na       0.10 0.21 0.19 0.30 0.32 0.29 0.22 0.20 0.29 0.24 0.28 0.39 0.52 0.47 0.52 
∑B	 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.88 1.82 1.75 1.96 
Na       0.37 0.27 0.33 0.18 0.24 0.25 0.25 0.34 0.25 0.28 0.12 0.00 0.00 0.00 0.00 
K        0.30 0.27 0.26 0.18 0.28 0.24 0.18 0.25 0.22 0.28 0.17 0.15 0.20 0.20 0.22 
∑A	 0.67 0.54 0.59 0.36 0.52 0.49 0.44 0.59 0.47 0.56 0.29 0.15 0.20 0.20 0.22 
Mg# 16 17 18 18 26 27 26 24 23 33 37 47 45 52 37 
Appendix 6. Compositions, cation proportions, and end-member compositions of single pyroxene grains measured with 
electron probe micro analyzer.  
Intrusion Riitalampi MME Korloppinen Viininperä maf 
Label ASM$-2013-224.2 EPHE-2013-355.1 EPHE-2012-47.1 
n 1 1 1 2 2 2 2 2 
SiO2     51.65 50.82 49.87 46.22 45.62 42.40 47.42 48.36 
TiO2     0.09 0.23 0.19 0.09 0.06 0.91 0.15 0.10 
Al2O3    0.58 0.73 0.79 0.50 0.46 7.87 0.44 0.34 
Cr2O3    0.00 0.07 0.13 0.00 0.04 0.02 0.02 0.00 
Fe2O3 2.82 2.77 1.72 6.09 4.75 8.54 0.82 0.96 
FeO  10.81 15.04 13.26 38.16 37.18 17.01 38.90 40.27 
MnO      0.24 0.58 0.35 1.68 1.95 0.23 0.70 0.82 
MgO      12.01 12.20 11.62 7.89 7.91 5.79 8.47 8.42 
CaO      22.17 17.55 19.04 1.01 0.99 14.75 1.49 1.28 
Na2O     0.21 0.24 0.24 0.03 0.02 1.09 0.00 0.04 
Total 100.57 100.23 97.19 101.65 98.96 98.59 98.39 100.57 
         
Si       1.95 1.95 1.96 1.89 1.91 1.70 1.97 1.98 
AlIV 0.03 0.03 0.04 0.02 0.02 0.30 0.01 0.02 
Fe3+ 0.02 0.02 0.00 0.09 0.07 0.00 0.02 0.01 
∑T 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
         
AlVI    0.00 0.00 0.00 0.00 0.00 0.07 0.01 0.00 
Fe3+ 0.06 0.06 0.05 0.10 0.08 0.26 0.01 0.02 
Ti       0.00 0.01 0.01 0.00 0.00 0.03 0.01 0.00 
Cr       0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg       0.68 0.70 0.68 0.48 0.49 0.35 0.53 0.51 
Fe2+     0.26 0.23 0.26 0.42 0.42 0.30 0.45 0.46 
∑M1	 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
         
Fe2+     0.08 0.25 0.18 0.89 0.88 0.27 0.90 0.92 
Mn2+     0.01 0.02 0.01 0.06 0.07 0.01 0.02 0.03 
Ca       0.90 0.72 0.80 0.04 0.04 0.63 0.07 0.06 
Na       0.02 0.02 0.02 0.00 0.00 0.08 0.00 0.00 
∑M2	 1.00 1.01 1.01 0.99 1.00 1.00 0.99 1.00 
         
Wo(Ca) 46.86 37.94 41.80 2.42 2.40 40.93 3.41 2.87 
En(Mg) 35.31 36.68 35.48 26.26 26.83 22.32 26.99 26.38 
Fs(Fe2+) 17.83 25.38 22.72 71.32 70.77 36.75 69.60 70.75 
 
 
 
 Appendix 7. Coordinates and whole-rock geochemical compositions. If concentration of an element is below detection limit, 
it has been marked with less than –marker and detection limit. If element was not analyzed, it has been marked as n.a. 
Intrusion	 		 Riitalampi	
	
Rock type   Qtz monzonite Qtz monzonite Qtz monzonite Qtz monzonite Qtz monzonite Qtz monzonite 
Sample 
  
ASM$-2013-
206.1 
ASM$-2013-
224.1 
ASM$-2013-
240.1 
ASM$-2013-
244.1 
ASM$-2012-
362.1 
ASM$-2012-
383.1 
Longitude   454410 451053 453586 451616 454773 455400 
Latitude   6879889 6881170 6880107 6881304 6872590 6874023 
SiO2   61.70 65.40 62.50 64.30 65.50 62.30 
TiO2   0.84 0.59 0.74 0.67 0.63 0.90 
Al2O3   16.00 15.50 15.90 15.50 15.60 15.60 
Fe2O3   7.92 5.70 7.61 6.41 5.94 7.87 
MnO   0.12 0.08 0.11 0.09 0.08 0.11 
MgO   0.81 0.50 0.55 0.53 0.56 1.08 
CaO   3.29 2.47 3.19 2.79 2.43 3.48 
Na2O   3.30 3.13 3.39 3.25 3.06 3.26 
K2O   5.12 6.01 5.30 5.72 5.50 4.61 
P2O5   0.28 0.16 0.20 0.18 0.16 0.34 
Total   99.37 99.54 99.49 99.44 99.46 99.55 
C   524 <50 <50 <50 n.a. <50 
S   272 158 299 <100 163 104 
Cl   255 316 238 277 125 271 
V   29 22 22 19 28 48 
Cr   <20 <20 <20 <20 <20 23 
Mo   <5 <5 <5 <5 n.a. <5 
Ni   <20 <20 <20 <20 <20 <20 
Co   4 3 2 3 5 n.a. 
Cu   24 23 26 <20 <20 26 
Zn   337 261 255 256 133 194 
Cd   <5 <5 <5 <5 n.a. <5 
Ag   <5 <5 <5 <5 n.a. <5 
Ga   31 28 22 22 28 26 
Sn   <20 <20 <20 <20 <20 <20 
Be   3 2 3 2 n.a. 2 
Rb   79.3 91.7 80.1 91.3 137.0 65.1 
Sr   311 232 266 244 237 310 
Y   35.4 31.6 35.8 32.2 27.7 33.2 
Zr   739 632 884 615 676 700 
Nb   30.7 22.8 29.9 26.5 30.6 25.5 
As   <20 <20 <20 <20 <20 24 
Sb   <50 <50 <50 <50 n.a. <50 
Bi   <30 <30 <30 <30 n.a. <30 
Ba   3250 2530 3080 2530 2352 2070 
Hf   13.9 12.0 16.6 12.2 11.5 13.3 
Ta   0.85 0.32 0.71 0.58 1.35 0.52 
Pb   45 45 43 46 <20 46 
Th   4.8 4.5 5.7 5.2 3.3 3.4 
U   1.10 1.01 1.43 1.37 5.95 0.83 
Sc   29 23 32 23 32 23 
La   34 30 34 33 29 35 
Ce   70.0 63.7 71.8 68.3 56.1 70.4 
Pr   8.41 7.98 8.99 8.42 7.23 8.73 
Nd   34.7 33.2 37.2 34.7 29.5 35.9 
Sm   6.87 6.69 7.77 7.09 6.09 6.91 
Eu   2.88 2.35 2.92 2.48 2.45 2.37 
Gd   7.00 6.67 7.53 6.92 5.92 6.86 
Tb   0.99 0.93 1.06 0.96 0.84 0.96 
Dy   n.a. n.a. n.a. n.a. 4.75 n.a. 
Ho   1.24 1.09 1.26 1.14 0.95 1.14 
Er   3.82 3.21 3.78 3.39 2.63 3.41 
Tm   0.53 0.45 0.51 0.46 0.37 0.48 
Yb   3.67 2.98 3.47 3.07 2.59 3.13 
Lu   0.58 0.47 0.57 0.49 0.43 0.50 
 Appendix 7. Continues. 
Intrusion	 Riitalampi	
Rock type Qtz monzonite Qtz monzonite Qtz monzonite Qtz monzonite MME MME 
Sample ASM$-2012-
390.1 
ASM$-2012-
392.1 
ASM$-2014-
413.1 
EPHE-2012-
91.1 
ASM$-2013-
224.2 
PIM$-2012-
88.2 
Longitude 453326 456401 454086 454346 451053 453294 
Latitude 6879654 6878552 6874457 6878414 6881170 6879667 
SiO2 58.80 63.80 61.80 63.10 55.50 53.00 
TiO2 0.82 0.88 0.93 0.77 1.07 1.37 
Al2O3 17.20 15.20 15.70 15.90 16.40 15.70 
Fe2O3 8.47 6.87 7.49 6.25 8.40 10.80 
MnO 0.11 0.09 0.10 0.08 0.12 0.15 
MgO 0.68 1.17 1.19 1.01 4.07 4.89 
CaO 3.30 3.18 3.26 2.84 7.41 8.13 
Na2O 3.64 3.26 3.22 3.32 3.27 3.14 
K2O 4.98 4.73 4.94 5.03 2.45 1.67 
P2O5 0.18 0.32 0.36 0.22 0.28 0.35 
Total 98.18 99.49 98.98 98.52 98.97 99.20 
C 676 749 <50 n.a. 709 <50 
S 328 405 <100 395 480 407 
Cl 206 183 266 257 264 288 
V 33 49 53 55 150 192 
Cr <20 <20 <20 <20 90 72 
Mo n.a. <5 <5 <5 <5 <5 
Ni <20 <20 <20 <20 37 39 
Co 5 n.a. n.a. 9 25 29 
Cu 26 20 25 20 39 35 
Zn 119 252 205 117 200 157 
Cd n.a. <5 <5 n.a. <5 <5 
Ag n.a. <5 <5 n.a. <5 <5 
Ga <20 20 23 <20 <20 25 
Sn <20 <20 <20 <20 <20 <20 
Be n.a. 3 2 n.a. 2 2 
Rb 164.0 80.5 85.0 132.0 40.3 31.9 
Sr 285 263 288 268 348 351 
Y 38.1 31.4 33.0 37.2 26.3 32.7 
Zr 1130 520 550 512 128 185 
Nb 36.0 23.3 25.8 24.0 9.6 10.6 
As <20 <20 <20 <20 <20 <20 
Sb n.a. <50 <50 n.a. <50 <50 
Bi n.a. <30 <30 <30 <30 <30 
Ba 3115 1570 1970 1749 607 705 
Hf 18.3 10.4 11.2 12.8 2.7 3.5 
Ta 1.92 0.61 0.50 1.18 0.27 0.29 
Pb <20 44 49 <20 29 35 
Th 12.7 5.8 4.8 10.2 1.9 1.3 
U 5.27 1.49 0.97 3.23 0.46 0.31 
Sc 48 17 19 29 23 32 
La 39 40 39 52 28 23 
Ce 79.7 84.3 80.7 104.0 58.4 50.2 
Pr 9.74 9.95 9.63 12.30 7.09 6.35 
Nd 38.0 39.1 39.2 47.8 28.0 26.6 
Sm 7.88 7.38 7.48 8.98 5.64 5.68 
Eu 3.00 1.84 2.07 1.99 1.30 1.55 
Gd 7.62 6.92 7.20 8.83 5.37 5.76 
Tb 1.12 0.92 0.98 1.24 0.76 0.86 
Dy 6.21 n.a. n.a. 6.87 n.a. n.a. 
Ho 1.20 1.07 1.15 1.35 0.88 1.03 
Er 3.50 3.12 3.40 3.82 2.55 3.04 
Tm 0.50 0.43 0.46 0.55 0.35 0.41 
Yb 3.40 2.81 3.00 5.67 2.22 2.67 
Lu 0.55 0.43 0.47 0.56 0.33 0.41 
 Appendix 7. Continues. 
Intrusion	 Viininperä	
Rock type Qtz monzonite Qtz monzonite Monzogranite Syenogranite Autolith Monzodiorite 
Sample ASM$-2012-
345.1 
ASM$-2012-
346.1 
EPHE-2012-
47.2 
EPHE-2015-
380.1 
EPHE-2015-
380.2 
EPHE-2012-
47.1 
Longitude 461317 462323 460993 462293 462293 460993 
Latitude 6869529 6869282 6869998 6870258 6870258 6869998 
SiO2 61.80 63.00 59.30 65.70 66.60 47.90 
TiO2 0.94 0.88 0.76 0.68 0.43 2.31 
Al2O3 15.70 15.60 17.30 15.40 15.70 15.20 
Fe2O3 7.89 7.12 7.69 5.82 3.58 18.20 
MnO 0.11 0.10 0.10 0.08 0.08 0.24 
MgO 1.24 1.06 1.45 0.79 0.74 2.71 
CaO 3.30 3.20 4.32 2.49 1.85 6.68 
Na2O 3.32 3.17 3.66 3.11 2.95 3.12 
K2O 4.53 5.11 3.50 5.32 7.42 1.75 
P2O5 0.34 0.32 0.43 0.23 0.15 1.34 
Total 99.17 99.55 98.51 99.62 99.50 99.45 
C 613 <50 899 <50 748 762 
S <100 <100 201 196 10 1512 
Cl 226 286 450 169 177 235 
V 47 47 56 29 16 118 
Cr 20 22 <20 <20 <20 n.a. 
Mo <5 <5 <5 <5 <5 <5 
Ni <20 <20 <20 <20 38 <20 
Co n.a. n.a. 11.9 4 n.a. 35 
Cu 32 20 <20 42 20 39 
Zn 179 172 133 125 67 233 
Cd <5 <5 <5 <5 <5 n.a. 
Ag <5 <5 n.a. <5 <5 n.a. 
Ga 21 28 35 <20 <20 26 
Sn <20 <20 <20 <20 <20 36 
Be 2 2 n.a. 2 2 n.a. 
Rb 73.3 81.8 130.0 74.4 89.0 48.1 
Sr 266 276 299 256 266 351 
Y 24.3 29.3 37.9 28.2 266.0 60.2 
Zr 455 528 349 489 340 312 
Nb 25.4 24.7 20.3 21.5 17.8 35.7 
As <20 <20 <20 <20 <20 <20 
Sb <50 <50 <50 <50 <50 n.a. 
Bi <30 <30 <30 <30 <30 <30 
Ba 1580 2000 916 2070 1850 1073 
Hf 9.0 10.6 8.6 9.3 6.5 7.2 
Ta 0.60 0.47 1.02 0.24 0.33 1.70 
Pb 39 37 <20 40 <20 <20 
Th 4.9 5.5 9.5 4.6 1.0 4.2 
U 1.01 1.11 2.18 1.00 0.46 0.65 
Sc 17 19 26 18 494 50 
La 27 27 61 36 32 64 
Ce 57.4 61.5 145.0 74.0 72.0 183.0 
Pr 6.80 7.65 15.30 8.56 9.19 18.70 
Nd 28.0 31.8 60.7 34.1 38.2 77.4 
Sm 5.38 6.48 10.70 6.39 7.71 15.40 
Eu 1.81 2.01 2.25 1.92 2.04 3.48 
Gd 5.22 6.18 10.70 5.95 7.46 16.00 
Tb 0.71 0.85 1.40 0.80 1.03 2.13 
Dy n.a. n.a. 7.22 n.a. n.a. 11.70 
Ho 0.85 1.01 1.32 0.92 1.15 2.18 
Er 2.50 3.01 3.66 2.67 3.21 5.95 
Tm 0.34 0.41 0.49 0.37 0.42 0.79 
Yb 2.32 2.74 3.26 2.38 2.69 5.23 
Lu 0.37 0.43 0.47 0.37 0.40 0.74 
 Appendix 7. Continues. 
Intrusion	 Dyke crosscutting 
Viininperä 
intrusion 
Korloppinen Poikaraiskansuo 
Rock type Monzogranite Monzogranite Qtz monzonite Diorite 
Sample EPHE-2015-380.4 EPHE-2013-136.1 EPHE-2013-355.1 ASM$-2013-225.1 
Longitude 462293 430355 431487 450785 
Latitude 6870258 6899120 6895334 6882311 
SiO2 62.9 65.70 59.40 49.90 
TiO2 0.9903 0.70 0.76 1.18 
Al2O3 15 13.50 16.60 19.10 
Fe2O3 6.3 8.82 7.69 10.10 
MnO 0.08 0.17 0.11 0.14 
MgO 1.17 0.85 1.34 5.46 
CaO 3.08 2.39 3.74 9.03 
Na2O 2.37 3.04 3.43 3.23 
K2O 7.31 4.26 4.40 1.21 
P2O5 0.387 0.18 0.28 0.31 
Total 99.59 99.60 97.75 99.65 
C 114 n.a. n.a. 823 
S 477 418 116 <100 
Cl 88 573 609 234 
V 89 25 59 173 
Cr 26 <20 <20 <20 
Mo <10 <5 <10 <5 
Ni <20 <20 <20 <20 
Co n.a. 6 n.a. 38 
Cu 34 <20 <20 46 
Zn 109 240 121 115 
Cd n.a. n.a. n.a. n.a. 
Ag n.a. n.a. n.a. n.a. 
Ga <20 <20 <20 30 
Sn <30 20 21 27 
Be n.a. n.a. n.a. n.a. 
Rb 36.9 109.0 160.0 140.0 
Sr 259 117 268 362 
Y 35.0 57.7 64.0 24.7 
Zr 338 606 343 115 
Nb <20 17.9 9.0 5.2 
As <20 34 <20 <20 
Sb <50 n.a. n.a. <50 
Bi <30 <30 <30 <30 
Ba 1778 549 977 370 
Hf n.a. 13.7 n.a. 2.8 
Ta n.a. 0.59 n.a. n.a. 
Pb 21 <20 <20 <20 
Th <30 15.8 17.0 1.2 
U <10 1.82 <0.05 0.85 
Sc <30 13 26 <10 
La <30 152 46 26 
Ce 81.0 264.0 127.0 39.3 
Pr n.a. 29.70 n.a. 5.25 
Nd n.a. 107.0 n.a. 22.1 
Sm n.a. 17.10 n.a. 4.89 
Eu n.a. 0.97 n.a. 1.24 
Gd n.a. 14.40 n.a. 4.84 
Tb n.a. 1.90 n.a. 0.80 
Dy n.a. 10.80 n.a. n.a. 
Ho n.a. 2.09 n.a. 0.99 
Er n.a. 6.04 n.a. 2.87 
Tm n.a. 0.83 n.a. 0.39 
Yb n.a. 5.92 n.a. 2.79 
Lu n.a. 0.78 n.a. 0.38 
Appendix 8. In-situ U-Pb measurements of zircon grains of Viininperä sample A2441. 
Spot no. Ages (Ma)   Ratios   Rho Concordance (%) Pb Th U Th/U 206Pb/204Pb 
  207Pb/206Pb 207Pb/235U 206Pb/238U   207Pb/206Pb* 207Pb/235U* 206Pb/238U*   		 		           
Viininperä intrusion (sample A2441)                           
A2441-1 1894 ± 6 1901 ± 13 1907 ± 24   0.1159 (0.32) 5.502 (1.48) 0.3442 (1.46)   0.98 101 33 22 89 0.24 3.00E+05 
A2441-2b 1878 ± 5 1907 ± 13 1934 ± 24   0.1149 (0.29) 5.540 (1.48) 0.3498 (1.45)   0.98 103 52 32 142 0.23 4.82E+05 
A2441-3a 1878 ± 5 1890 ± 13 1901 ± 24   0.1149 (0.29) 5.432 (1.48) 0.3429 (1.45)   0.98 101 53 62 136 0.46 4.55E+05 
A2441-3b 1881 ± 6 1884 ± 13 1887 ± 24   0.1151 (0.32) 5.396 (1.48) 0.3401 (1.46)   0.98 100 34 35 91 0.38 3.03E+05 
A2441-4 1879 ± 5 1950 ± 13 2017 ± 25   0.1149 (0.30) 5.822 (1.48) 0.3674 (1.45)   0.98 107 44 32 110 0.30 3.93E+05 
A2441-5 1889 ± 6 1914 ± 13 1934 ± 24   0.1156 (0.32) 5.586 (1.48) 0.3505 (1.46)   0.98 102 29 15 79 0.19 2.70E+05 
A2441-6 1892 ± 7 1885 ± 13 1878 ± 24   0.1158 (0.36) 5.399 (1.49) 0.3381 (1.46)   0.97 99 22 13 63 0.21 2.04E+05 
A2441-8a 1884 ± 6 1889 ± 13 1894 ± 24   0.1153 (0.31) 5.429 (1.48) 0.3415 (1.46)   0.98 100 34 22 96 0.23 3.16E+05 
A2441-8b 1883 ± 6 1867 ± 13 1853 ± 23   0.1152 (0.31) 5.289 (1.48) 0.3331 (1.46)   0.98 98 39 34 108 0.32 3.44E+05 
A2441-9 1881 ± 5 1876 ± 13 1872 ± 24   0.1151 (0.27) 5.347 (1.47) 0.3370 (1.45)   0.98 99 71 67 193 0.34 6.30E+05 
A2441-12 1880 ± 5 1873 ± 13 1867 ± 24   0.1150 (0.28) 5.327 (1.48) 0.3360 (1.45)   0.98 99 62 59 168 0.35 5.45E+05 
A2441-13 1891 ± 5 1888 ± 13 1884 ± 24   0.1157 (0.28) 5.417 (1.47) 0.3395 (1.45)   0.98 100 68 70 181 0.38 5.93E+05 
A2441-14 1873 ± 6 1882 ± 13 1890 ± 24   0.1145 (0.31) 5.381 (1.48) 0.3408 (1.46)   0.98 101 39 33 106 0.31 3.47E+05 
A2441-15 1888 ± 5 1921 ± 13 1953 ± 24   0.1155 (0.28) 5.634 (1.47) 0.3538 (1.45)   0.98 103 65 52 171 0.30 5.83E+05 
A2441-16 1901 ± 8 1865 ± 13 1832 ± 23   0.1163 (0.43) 5.274 (1.51) 0.3287 (1.46)   0.96 96 21 18 60 0.29 1.87E+05 
A2441-17 1872 ± 5 1876 ± 13 1879 ± 24   0.1145 (0.30) 5.342 (1.48) 0.3383 (1.45)   0.98 100 43 31 121 0.26 3.94E+05 
A2441-18 1879 ± 5 1929 ± 13 1976 ± 25   0.1149 (0.28) 5.683 (1.47) 0.3587 (1.45)   0.98 105 72 79 180 0.44 6.19E+05 
A2441-19 1877 ± 7 1888 ± 13 1898 ± 24   0.1148 (0.37) 5.420 (1.49) 0.3423 (1.46)   0.97 101 19 16 53 0.31 1.73E+05 
A2441-20 1873 ± 6 1879 ± 13 1883 ± 24   0.1146 (0.35) 5.361 (1.49) 0.3393 (1.46)   0.97 100 26 23 71 0.33 2.32E+05 
A2441-21 1888 ± 5 1912 ± 13 1935 ± 24   0.1155 (0.26) 5.576 (1.47) 0.3502 (1.45)   0.98 103 99 48 278 0.17 9.31E+05 
A2441-22 1877 ± 7 1860 ± 13 1845 ± 23   0.1148 (0.29) 5.247 (1.48) 0.3314 (1.45)   0.98 98 55 24 164 0.15 5.19E+05 
 
